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Abstract 
Traditional Chinese medicine has been used for a long time for treating diseases 
and maintaining health. As the use of Chinese herbal medicines has become widely 
accepted not only in China but also in many western countries, the quality of the 
herbal drugs becomes an important issue to ensure their safety and efficacy. 
In the present study, one of the Chinese herbal medicines, Rhizoma Chuanxiong, 
was studied. An analytical method using capillary electrophoresis (CE) has been 
developed in order to study the quality of this medicinal herb obtained from five 
different sources. 
Isolation and characterization of reference compounds from the plant extract 
were performed by chromatographic separations. Nine organic constituents were 
isolated and identified as 5-(hydroxymethyl)-2-furancarboxaldehyde (1), oleic acid 
(2)，ferulic acid (3), daucosterol (4), butylidenephthalide (5), butylphthalide (6), 
Z,Z'-6.6',7.3'a-diligustilide (7), pregnenolone (8) and 
5,5'-oxydimethylenebis(2-furanaldehyde) (9). Among them, compounds 1, 3, 5, 6, 7 
and 9 were chosen as reference compounds because of their biological properties. 
Moreover, ligustrazin hydrochloride, which is commercially available, was purchased 
and used as the seventh reference compound. 
The qualitative and quantitative determination of the seven reference compounds 
were developed by capillary electrophoresis. The buffer concentration, surfactant 
concentration and the amount of organic modifier were investigated and optimized. 
Finally, the seven reference compounds could be successfully separated under suitable 
iii 
CE conditions. When applied to commercial products of Rhizoma Chuanxiong, the 
analytical results indicated a great variation in the contents of ingredients present in 
herbs obtained from different sources. 
The method developed for the analysis of the Rhizoma Chuanxiong is simple; it 
requires short analysis time and produces good reproducibility. The method is 
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China is one of the leading nations in the use of herbal medicine. The term 
herbal medicine includes medicinal materials derived from mineral, animal parts as 
well as plants, with plants constituting the majority. China is endowed with an 
abundant resource of medicinal plants, and more than five thousand species have been 
identified as medicinal plants. In the latest edition of The Chinese Pharmacopoeia 
(2000 Edition) [1], more than 500 plant species with therapeutic values are recorded. 
The use of these medicines not only helps to treat diseases, but also assists in 
maintaining health and balance to prevent illness [2-3]. 
The use of Chinese herbs has continued in the traditional manner by physicians 
and pharmacists serving Chinese communities around the world. In Western countries, 
Chinese herbal medicine is rapidly growing and more westerners rely on herbal 
medicine for the treatment of diseases. Besides, some colleges in USA, U K and 
Australia have introduced courses in herbalism in recent years. As there is widespread 
acceptance of the use of Chinese herbal medicine all over the world, quality control of 
the Chinese herbal medicine becomes an important issue nowadays [3]. 
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1.2 Quality control of Chinese herbal medicine 
Environmental conditions and the manufacturing process are the major 
parameters that affect the composition and quantity of active constituents of the herbs. 
Changes in factors such as climate, soil condition, genetic characteristics, time of 
harvest, method of harvest and drying technique will result in considerable variations 
in active components of a particular herb. Moreover, herbal medicines often need to 
be processed by multi-step procedures that comprise various combinations of heat, 
cold, vacuum, mechanical separation and sometimes extraction with harsh solvents. 
As a result, the biological activities of the products will often vary, diminish or 
disappear. All the above factors lead to the inconsistent composition and quality of the 
Chinese herbal medicines [4-5]. 
For the evaluation of a drug quality, three aspects are usually considered: i.e. 
authenticity, purity and intrinsic quality [2-3]. 
Authenticity 
Authenticity refers to the correctness of biological origin (plant species and 
parts used). The authenticity of a Chinese herb is established by reference to its 
characteristics given in the Chinese Pharmacopoeia [1] and other official publications. 
When the biological source of a genuine drug is identified, macroscopic and 
microscopic descriptions as well as physiochemical tests are carried out. Macroscopic 
descriptions include those of shape, size, color, surface and fracture characteristics, 
smell and taste. Microscopic descriptions include histological structures of the cells 
and cell contents visible with the aid of a microscope. Physicochemical tests include 
2 
simple chemical qualitative reactions, ultraviolet spectra of the crude extracts and 
various chromatographic methods. 
Purity 
Purity refers to the cleanliness of the herbal material. It is measured by 
determining the amount of foreign matters. The Chinese herbal medicines sold in the 
market may contain innocuous foreign matters and moisture, which will affect the 
therapeutic effect or even cause unpredictable results. Therefore, it is necessary to 
limit the amount of foreign matters present in the crude drug. Qualitative and 
quantitative detection of powdered drugs can be done when microscopic and chemical 
tests are applied. 
Intrinsic quality 
The intrinsic quality of a crude drug chiefly depends on the contents of the 
therapeutically active constituents. This is dependent on many factors, such as 
breeding, cultivation, collection, preparation and drying. Therefore, the determination 
of intrinsic quality is especially important in the quality control of crude drugs. 
In fact, the traditional method for quality control, such as microscopic and 
macroscopic description, are subjective and often not reliable. As a consequence, 
scientific research is required to provide objective and reliable results in order to 
ensure the safety and efficacy of the Chinese herbal medicines. 
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1.3 Rhizoma Chuanxiong 
1.3.1 General description 
Rhizoma Chuanxiong (Chuanxiong) is one of the most commonly used crude 
drugs in traditional Chinese medicine. It has the effects of analgesia, antispasm, 
anti-inflammation and improving blood circulation. It is used to invigorate blood 
circulation and promote the flow of vital energy for the treatment of abnormal 
menstruation, dysmenorrhea, amenorrhea and coronary heart diseases, to relieve pain 
for the treatment of headache and rheumatic pains [1，3，6]. 
Rhizoma Chuanxiong is officially listed in the Chinese Pharmacopoeia [1] and 
is one of the oldest traditional Chinese medicines. The drug is obtained from the dried 
rhizome of an Umbelliferae plant, Ligusticum chuanxiong Hort. The plant is mainly 
cultivated in Sichuan, and also grown in Jingxi, Hubei and Shannxi. The rhizome is 
collected in summer when nodes are purple and conspicuously protruding. It is then 
removed from sand, dried in the sun and baked. It is externally yellowish brown, 
rough and shrunken, with numerous parallel raising nodes. The fragrance of this plant 
is strong; with a bitter taste, pungent with slightly numb effect and sweet [1]. 
1.3.2 Chemical constituents 
The chemical composition of Chuanxiong has received much phytochemical 
investigation since 1930s. According to the literature, its constituents include 
carbohydrates, lipids, fibers, phthalides, alkaloids and carboxylic acids [7-8]. A 
number of phthalides were isolated and identified from Chuanxiong, including 
4 
butylidene phthalide, butylphthalide, chuanxiongol, ligustilide, neocnidilide, 
senkyunolide and a dimeric phthalide named diligustilide [7-13]. Some of their 
structures are shown below: 
？H 
^ / ^ ！ r ^ v ^ ^ V ^ 
1 ^ r ^ 一 o o 
L ^ ^ o ^ ^ ^ 
^ 7 o o 
〇 
Butylidene phthalide Butylphthalide Chuanxiongol 
nX^ r rC^ r rC^ 
^ ^ ^ ^ 
0 0 o 
Ligustilide Neocnidilide Senkyunolide 
Alkaloids are compounds that contain one or more rings of carbon atoms, 
usually bearing a nitrogen atom in the ring. The position of the nitrogen atom in the 
carbon ring varies with different alkaloids and it is the precise position of the nitrogen 
atom that affects the properties of these alkaloids. Some alkaloids isolated and 
identified from Chuanxiong were tetramethylpyrazine or ligustrazin, perlolyrine, 
uridine, trimethylamine hydrochloride, choline chloride and 1-acetyl- -carboline [7， 
14]. The structures of ligustrazin and perlolyrine are shown below: 
5 
CH20H 
H3C 丫 N丫 CH3 O ^ 
人 H 
H3C N CH3 ^ ^ ^ N ^ ^ N 
Ligustrazin Perlolyrine 
In addition, other chemical compounds such as /3 -sitosterol, chrysophanic 
acid, dilinoleoyl palmitoyl glyceride, ferulic acid, 
5-hydroxymethyl-3'-methoxy-4'-hydroxyphenyl-8-oxabicyclo[3,2,l]-oct3-en-2-one, 
linoleic acid, 5,5'-oxydimethylenebis(2-furaldehyde), palmitic acid, sedanonic acid, 
spathulenol, and vanillin were isolated [8, 10, 12]. Structures of some of these 
compounds are shown below: 
OH 〇 OH 
O 
Chrysophanic acid Ferulic acid 
O 
H C ] 
H3C CH3 
Sedanoinic acid Spathulehol 
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1.3.3 Pharmacology 
i) Effect on vasoconstriction and blood viscosity 
The total alkaloids or ligustrazin alone can lower vascular resistance, resulting 
in an increase in blood circulation in the aorta and lower extremities. In vitro 
experiments using rabbit aorta strips showed that ligustrazin could inhibit contractions 
induced by KCl. Moreover, phthalide dimers，tokinolde B, levistolide A, riligustilide 
and senkyunolide P relaxed the KCl-induced contraction on rat thoracic aorta. These 
compounds also reduced the KCl-induced perfusion pressure of rat mesenteric arteries. 
Phthalides such as tokinolde B, senkyunolide P, butylphthalide and cnidilide 
decreased the blood viscosity [15]. 
ii) Effect on coronary circulation 
Coronary dilation and coronary flow increase were observed in anesthetized 
dogs after injection of an ethanolic extract of the herb into the coronary or femoral 
artery，or by intravenous administration of either 25 and 50 mg/kg of the total 
alkaloids, 50 mg/kg of the phenolic fraction, or 7.5, 15 and 30 mg/kg of ligustrazin. A 
decoction of the herb decreased myocardial oxygen consumption in mice. Also, 
intraperitoneal administration of 10 g/kg of an aqueous extract of the herb increased 
myocardial flow in mice [16]. 
Sodium ferulate increased myocardial flow and myocardial uptake of ^ ^Rb in 
mice. It protected rabbits from myocardial ischemia and reduced the area of 
myocardial infarction by 41%. Sodium ferulate was further found to be able to reduce 
7 
myocardial injury due to myocardial ischemia and reperfusion in dogs [17]. 
iii) Effect on platelet aggregation and thrombosis 
Both ligustrazin and ferulic acid can inhibit platelet aggregation and 
thrombosis. Ligustrazin inhibited ADP or collagen-induced platelet aggregation in 
rabbits, healthy people and patients with coronary heart diseases. Ligustrazin also 
prevented arterial thrombus formation, probably by inhibiting platelet aggregation. In 
vitro, ferulic acid inhibited ADP-induced rat platelet aggregation. Intravenous 
administration of 0.3 g/kg of sodium ferulate to rats produced a 50% inhibition on 
thrombosis [16-17]. 
iv) Effect on the central nervous system (CNS) 
Oral administration of 25-50 g/kg of a decoction of the herb produced sedative 
effect in rats and mice. It reduced spontaneous activity and prolonged pentobarbital 
induced sleeping time in mice. It also antagonized the stimulant effect of 20 mg/kg of 
caffeine [16]. 
V) Effect on smooth muscles 
In isolated pregnant uterus of rabbits, a concentrated decoction of the herb 
increased contractility and finally resulted in uterine contracture. However, high 
dosage caused uterine paralysis and cessation of contraction. Intraduodenal 
administration of 15 or 20 g/kg of a decoction of the herb produced marked 
contraction of the uterus in situ in rabbits [16]. The phthalides butylphthalide, 
8 
butylidene phthalide and ligustilide produced an inhibitory effect on the contraction of 
nonpregnant rat uterus in vitro induced by prostaglandin Fja. Butylidene phthalide 
was more active than ligustilide, possibly due to the aromatic character [18]. 
1.3.4 Instrumental analysis 
Over the past 30 years, many papers [19-36] have been published describing 
the qualitative and quantitative analysis of Chuanxiong. Research has also been 
carried out on its decoctions and preparations. The analysis methods being used 
include: 
1. Thin Layer Chromatography (TLC) [19-20] 
2. Gas-Chromatography (GC) [20-22] 
3. High Performance Liquid Chromatography (HPLC) [32] 
4. Capillary Electrophoresis (CE) [36] 
1.3.4.1 Thin Layer Chromatography (TLC) 
TLC is one of the most common and simplest analytical methods. By 
spotting the extractives onto the TLC plate and dipping into a suitable eluent system, 
the components are separated. For Chuanxiong, different eluting system had been 
employed to separate different components of this herb, such as using a mixture of 
benzene: chloroform: methanol (10:10:3) to separate ferulic acid [19], and petroleum 
ether: ethyl acetate (2:1) to separate ligustilide and 2-propylene l-hexa-3-enoic acid 
[20]. However, separation by TLC is only limited to a few compounds and the 
reproducibility is generally poor. 
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1.3.4.2 Gas Chromatography (GC) 
Because Chuanxiong contains volatile oils, G C had been applied for the 
analysis of this Chinese herb since 1972 by Liu et al [21]. After this work, several 
studies about the detection of volatile oils using gas chromatography were published 
in which most used mass spectrometer as the detector [22-26]. One of the studies in 
1996 identified 96 constituents of volatile oils obtained in Chuanxiong of various 
habitats [20]. 
1.3.4.3 High Performance Liquid Chromatography (HPLC) 
A number of articles have been published on the characterization of 
ligustrazin, ferulic acid and volatile oils using high performance liquid 
chromatographic (HPLC) methods [27-32]. By using different mobile phases with 
various columns, the compounds could be successfully separated. For instance, ferulic 
acid and ligustrazin were separated by HPLC with a mobile phase containing 
methanol: water (1 % acetic acid) (35:65) on an Y W G Cig column [31]. Moreover, 
ferulic acid and the phthalides were separated by gradient elution with an O D S 
column [32]. For HPLC analysis, the U V detector was a common method of detection 
and M S was also used for the characterization and quantification of the constituents. 
1.3.4.4 Capillary Electophoresis (CE) 
Capillary electrophoresis is an analytical technique that has developed 
rapidly in recent years [33]. Few papers have been reported on the analysis of 
Chuanxiong using CE. Ferulic acid was determined by using 10 m M sodium borate as 
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the electrolyte [34] while ligustrazin hydrochloride was determined by 20 m M 
phosphoric acid [35]. Both ferulic acid and ligustrazin could be separated using 30 
m M borate at pH 9.43 in a 39.5 cm X 50" m I.D. capillary at 17kV applied voltage 
[36]. The methods are simple and take short analysis time. 
1.4 Objectives of the study 
In the present research project, Rhizoma Chuanxiong from different sources 
was studied by capillary electrophoresis. As mentioned before, the active constituents 
of a particular herb growing in different places can vary a lot because of the growing 
conditions, manufacturing and storage process. As a result, it is necessary to develop 
an analysis method in order to monitor the quality of this herbal medicine. 
Capillary electrophoresis (CE) is becoming a useful technique for the 
separation and analysis of chemical compounds [33]. Kenndler et al published the 
first paper about the analysis of traditional Chinese medicine using capillary 
electrophoresis in 1990 [37]. Since then many reports about the analysis of Chinese 
herbs such as Paeoniae Radix [38], Rhizoma coptidis [39] and Angelicae Tuhou 
Radix [40] have been reported. Most of the results showed good reproducibility, high 
recoveries, and low relative standard deviations for intra-day and inter-day analyses. 
Moreover, its short analysis time, small amount of samples and reagents used, easy 
thorough cleaning of the capillary and high efficiency of separation make CE a 
suitable method for analysis of Chinese herbal preparations, especially for large 
numbers of samples and for quality control of medicinal plants. 
Although some papers have been published on the analysis of Chuanxiong 
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using CE, there were only two components being separated i.e. ferulic acid and 
ligustrazine. Therefore, this research project focused on the identification and 
determination of other constituents besides ferulic acid and ligustrazin in order to 
further improve and develop the analytical method. 
As the reference compounds required for the identification of peaks in the 
analysis are not readily available, it became necessary to isolate the marker 
ingredients (or called reference compounds) of the herb at the beginning of this 
research project. Then, through development of a suitable method by using capillary 
electrophoresis, the marker compounds extracted from different sources of Rhizoma 
Chuangxiong were to be separated and determined. 
There were three main objectives in this research project: 
I) To isolate reference compounds from the herb, Rhizoma Chuanxiong. 
II) To develop a suitable method for the separation and determination of constituents 
in the crude drug by CE. 




Isolation, Characterization and Identification of 
Reference Compounds 
2.1 General experiment procedures 
2.1.1 Solvents for chromatographic separation 
A R grade chloroform, ethyl acetate, methanol, and technical grade hexane 
with prior distillation, were used in all experiments. 
2.1.2 Chromatographic methods 
2.1.2.1 Adsorption column chromatography 
Adsorption column chromatography was performed on columns of silica gel 
60 (240-370 mesh, Merck; 230-400 mesh, Merck; TLC grade, Merck; TLC grade, 
Qingdao) under normal gravity. 
2.1.2.2 Thin layer chromatography (TLC) 
Analytical TLC was conducted on silica gel 60 F254 aluminium sheets (0.2 
m m thickness, Merck). TLC plates were visualized under U V light and then sprayed 
with 20% H2SO4 followed by heating. 
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2.1.2.3 Preparative layer chromatography 
Preparative layer chromatography was conducted on silica gel 60 F254 
precoated TLC plates (250 ji m thickness, Merck) or silica gel 60 F254+366 precoated 
TLC plates (2 m m thickness, Merck). 
2.1.3 Determination of physical data 
2.1.3.1 Infrared (IR) absorption spectra 
IR absorption spectra were recorded using a Perkin Elmer 1615 FTIR 
spectrometer. Neat samples were introduced as a thin film on a KBr IR crystal 
window. Characterization and identification of chemical structures were aided by 
using the IR search software, the PE spectrum 3.01 with Euclidean search method. 
2.1.3.2 Nuclear Magnetic Resonance (NMR) spectra 
One-dimensional ^H-NMR and '^C-NMR spectra were recorded on a 
Bruker DPX-300 N M R spectrometer at 300 M H z and 75.47 MHz, respectively. 
Tetramethylsilane (TMS) was used as internal standard (d 0.00 ppm). Chemical shifts 
were reported in parts per million (ppm) on the 8 scale and the coupling constant (J) 
expressed in Hz. Solvents used for N M R experiments were deuterochloroform 
(CDCI3), deuterated methanol (CD3OD) or deuterated pyridine (C5D5N). 
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2.1.3.3 Mass spectra (MS) 
Mass spectra were obtained on a Hewlett Packard 5989B mass spectrometer 
(E.I. mode at 70 eV). 
2.1.3.4 X-ray crystallography 
X-ray crystal structures were obtained using a Brucker Smart 1000 C C D 
diffractometer. Analysis was done using the refinement method, Full-matrix least 
square on F^ . 
2.1.4 Authentic reference compounds 
Reference compounds were obtained from the New Drug Discovery 
Laboratory, Tsumura & Co., Japan, as well as from the National Institute for the 
Control of Pharmaceutical and Biological Products, Beijing, China. All reference 
compounds were analytically pure as determined by TLC. 
2.2 Procurement, extraction and initial fractionation of Rhizoma 
Chuanxiong 
Rhizoma Chuanxiong was imported from China. It was authenticated and 
supplied by a herbal dealer (Lee Hoong Kee Limited) in Hong Kong. The plant 
material was ground into powder by the herbal dealer. 
The Rhizoma Chuanxiong powder (5.0 kg) was extracted with methanol (w/v 
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二 2:3) at room temperature for five times. The pooled extract was dried under reduced 
pressure at 50°C to afford an extract at a yield of 33 % (w/w). 
The extract (1.6 kg) was adsorbed on celite (Aldrich) by dissolving in the 
minimum amount of methanol (weight of extract: weight of celite = 3:2). The mixture 
was dried by heating in an oven at 60°C overnight, and extracted by filling into a 
glass column, eluted by hexane, chloroform, ethyl acetate and methanol successively. 
The four extracts were dried to obtain the respective extractive at a yield of 11.6 %, 
6.5 %，4.5 %, 55.5 % (w/w), respectively. 
The four extracts were analyzed by TLC [solvent systems: hexane: 
chloroform (1:2), chloroform: ethyl acetate (1:1), chloroform: ethyl acetate (8:1), 
detected by concentrated H2SO4 and U V 254 nm] for the presence of chemical 
compounds. It was found that hexane and chloroform extracts contained large amount 
of compounds. Therefore, the hexane and chloroform extracts were further 
fractionated in order to purify the chemical ingredients. 
2.3 Chromatographic separation of the chloroform extract 
The chloroform extract (106.0 g) was chromatographed on a silica gel 
column (1.2 kg, 230-400 mesh) eluted with chloroform: ethyl acetate (10:1-^ 4:1 — 
6:4) and ethyl acetate to afford ten fractions (FlOOl-FlOlO). 
2.3.1 Chromatographic separation of fraction F1002 
Fraction F1002 (20.8 g) was subjected to chromatography over silica gel 
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(487 g, 230-400 mesh), eluting stepwise with hexane: diethyl ether (10:1, 9:1, 8:1, 4:1 
and 1:1) to afford three fractions (F1011-F1013). F1013 was recombined with F1003, 
designated as F1003A, and set aside for further chromatographic separation. Fraction 
F1012 (12.5 g) was subjected to column chromatography on silica gel (150 g, 
230-400 mesh). By eluting with hexane: ethyl acetate (1:1), five fractions 
(F1014-F1018) were obtained. Fraction F1015 (8.6 g) was further chromatographed 
on silica gel column (172 g, TLC grade, Merck) and eluted with hexane: isopropanol 
(15:1) to obtain two fractions (F1019-F1020). Then, F1016, F1017, F1018 and F1020 
were recombined and designated as F1015A. Fraction F1015A (3.0 g) was 
rechromatographed on silica gel (132 g, TLC grade, Qingdao) eluted with hexane: 
isopropanol (15:1) to afford six fractions (F1021-F1026). From fraction 1025 (1.0 g), 
compound 1 (193 mg) was obtained by preparative TLC plates (2 m m thick) and the 
plates were developed for three times each using hexane: ethyl acetate (1:4). 
2.3.1.1 Spectral data for the characterization of compound 1 
[5-(hydroxyinethyl)-2-furancarboxaldehyde] 
Compound 1 (193 mg), brown oil, exhibited the following spectral 
properties: IR i； max (neat) 3418，2848, 1669, 1582, 1521, 1397, 1281，1191，1072， 
1022 cm—i; 'H-NMR (CD3OD) (54.51 (2 H, s, CH2OH), 4.76 (IH, s, CH2OH), 6.48 
(1 H, d, J= 3.60 Hz, H-4)，7.28 (1 H, d, J二 3.60 Hz, H-3), 9.43 (1 H, s, CHO); 
"C-NMR (CDCI3) (5 57.34 (CH2OH), 109.94 (C-4), 123.25 (C-3), 152.14 (C-2), 
160.92 (C-5), 177.74 (CHO); E M S m/z (rel. int.) 126 (M+’ 94)，109 (38)，97 (100), 
83 (23)，69 (91), 53 (62), 51 (45). 
2.3.2 Column chromatographic separation of fraction F1003A 
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Fraction 1003A (9.6 g) was subjected to chromatography over silica gel 
(180 g, TLC grade, Qingdao), eluting with hexane: ethyl acetate (5:1^ 2:1) 
successively to afford nine fractions (F1027-1035). Compound 2 and compound 3 
were obtained from fraction F1028 and fraction F1034 respectively. 
2.3.2.1 Spectral data for the characterization of compound 2 (oleic acid) 
Compound 2 (1.2 g), yellow viscous oil, exhibited the following spectral 
properties: IRvmax (neat) 3009, 2954，2918, 2850, 1708, 1411, 1295, 940’ 722; 
'H-NMR (CDCI3) (5 0.86-0.90, 1.26-1.32, 1.59-1.66, 2.02-2.06, 2.33-2.38, 2.75-2.79 
(29 H, overlapped), 5.33-5.40 (2 H, overlapped, H-9 and H-10); " C - N M R (CDCI3) 
(5 16.38, 24.84, 24.96, 26.94, 27.89, 29.45, 31.33, 31.51’ 31.62 , 31.70, 31.86, 31.92, 
33.79, 34.19, 36.28 (15 C), 130.24 (C-10), 132.39 (C-9), 182.05 (C-1). 
2.3.2.2 Physical data for the characterization of compound 3 (ferulic acid) 
Compound 3 (33.4 mg), were obtained as white crystalline needles. Suitable 
single crystal was chosen for X-ray crystallography analysis. Crystal data of ferulic 
acid were as follows: C10H10O4, M W = 194.18, 0.56 X 0.15 X 11 m m , monoclinic, 
space group p2(l) /n, T 二 298 K, a = 4.6440 (5) A ,b = 6.8375 (18) A, c 二 12.0150 (13) 
A, /3 = 90.231 (3)。，V = 939.49 (18) A3 ,D二 1.373 mg/m3,Z = 4,F(000)二 408’ 
jji (Cuka) = 0.107 m m \ X = 0.71073 A. Intensities of 4447 reflections within 2.08< 
e <23.21 were collected. Of these, 1352 were unique reflections with limiting 
indices -5 < h < 5,-18 < k <18,-12 < 1 < 13. 
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2.3.3 Preparative layer chromatographic separation of fraction FlOlO 
On concentration, white precipitates (69 mg) were formed in fraction FIOIO. 
It was further purified by preparative TLC. The white precipitates were firstly 
dissolved in pyridine and applied to preparative TLC (2 m m thick). The plates were 
developed using chloroform: methanol (6:1) as solvent. Compound 4 was then 
obtained. 
2.3.3.1 Spectral data for the characterization of compound 4 (daucosterol) 
Compound 4 (10 mg), white precipitates, exhibited the following spectral 
properties: '^C-NMR (C5D5N) d 12.22 (C-18), 12.40 (C-29), 19.26 (C-21), 19.45 
(C-19), 19.67 (C-26), 20.23 (C-27), 2 1 . 5 3 (C-11)，23.63 (C-28), 24.75 (C-15), 26.61 
(C-23), 28.79 (C-16), 29.70 (C-25), 30.48 (C-2), 32.30 (C-7), 34.42 (C-8), 34.44 
(C-22), 36.62 (C-20)，37.16 (C-10)，37.72 (C-1), 39.57 (C-12), 40.19 (C-4), 42.72 
(C-13), 46.27 (C-24), 50.58 (C-9)，56.48 (C-17), 57.07 (C-14), 63.03 (Glu-6), 71.92 
(Glu-4), 75.54 (Glu-2), 78.43 (Glu-5), 78.67 (Glu-3), 78.79 (C-3), 102.78 (Glu-1), 
122.17 (C-6)，141.63 (C-5); EIMS m/z (rel.int.) 576 (M+), 396 (3), 394 (28), 254 (6)， 
197 (11)，147 (12), 105 (28)，84 (100), 69 (20), 56 (74). 
2.4 Column chromatographic separation of the hexane extract 
The hexane extract (220.3 g) was subjected to chromatography over silica gel 
(1.2 kg, 240-370 mesh), eluting successively with hexane: chloroform (5:1, 9:2，8:2，2:1， 
1:1 andl:3). Sixteen fractions were obtained (F2001-F2016). 
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2.4.1 Removal of fatty acids in fraction F2005 and F2006 by partition 
Fraction F2005 and F2006 contained large amount of fatty acids, which was 
shown as a large yellow spot on TLC plate when developed in a solvent system 
containing hexane: ethyl acetate (3:1). The fatty acids in fraction F2005 and F2006 
were removed by partition a mixture containing hexane: methanol: water (20:10:2). 
Fatty acids would be transferred to the hexane layer while other components would 
remain in the methanol layer. Small amount of fatty acids remaining in the methanol 
layer were extracted with a mixture containing hexane: methanol: water (20:10:5). 
Extraction was repeated three times so that the methanol layer was free of fatty acids. 
Then, the methanol portion of F2005 and F2006 were designated as F2005M and 
F2006M respectively. 
2.4.2 Column chromatographic separation of fraction F2005M 
F2005M (13.8 g) was chromatographed on silica gel (250 g, TLC grade, 
Qingdao) eluted successively with hexane: ethyl acetate (50:1) and hexane: ethyl 
acetate (15:1) to afford nineteen fractions (F2017-F2035). Compound 5 (15 mg) was 
obtained from fraction F2017. By repeated column chromatography on silica gel (80 g, 
TLC grade, Qingdao) eluted with hexane: chloroform (2:1), fraction F2023 was 
separated into three fractions (F2036-2038). Compound 6 (1.0 g) was obtained from 
fraction F2037. 
2.4.2.1 Spectral data for the characterization of compound 5 
(butylidenephthalide) 
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Compound 5 (15 mg) was obtained as a yellow oil. Its spectral properties 
were as follows: ^^C-NMR (CDCI3) 514.39 (C-13), 23.11 (C-12), 28.37 (C-11), 
110.07 (C-10), 120.21 (C-5), 125.03 (C-9), 125.82 (C-8), 129.91 (C-7), 134.79 (C-6), 
140.16 (C-3), 146.33 (C-4), 167.7 (C-1); EIMS m/z (rel. int) 188 (M+’ 23)，159 (100)， 
146 39), 131 (41), 103 (57), 77 (68)，55 (58), 51 (31). 
2.4.2.2 Spectral data for the characterization of compound 6 (butylphthalide) 
Compound 6 (0.93 g) was obtained as yellow oil. It exhibited the following 
spectral properties: ^H-NMR (CDCI3) 5 0.89-0.94 (3 H, m, H-13), 1.35-1.45 (2 H, m, 
H-12), 1.76 (2 H, m, H-11), 2.03-2.06 (2 H, m, H-10), 5.46-5.50 (1 H, m, H-3), 7.44 
(1 H, d, J= 7.50 Hz, H-5), 7.53 (1 H, t, J= 7.50Hz, H-7)，7.67 (1 H, t, J= 7.50 Hz, H-6), 
7.90 (1 H, d, J= 7.50 Hz, H-8); "C-NMR (CDCI3) 5 13.82 (C-13), 22.39 (C-12), 
26.84 (C-11), 34.40 (C-10), 81.40 (C-3), 121.68 (C-5), 125.65 (C-8), 126.12 (C-9), 
128.97 (C-7), 133.89 (C-6), 150.08 (C-4) and 170.65 (C-1). 
2.4.3 Column chromatographic separation of fraction F2006M 
F2006M (7.0 g) was subjected to chromatography over silica gel (200 g, TLC 
grade, Qingdao). The column was eluted with hexane: ethyl acetate (15:1, 10:1 and 
5:1) to afford twenty fractions (F2039-F2058). Compound 7 (38.2 mg) was obtained 
upon concentration of fraction F2049 and recrystallization from acetone. 
2.4.3.1 Spectral data for the characterization of compound 7 (Z, Z，-6. 6', 7. 
3'a-diligustilide) 
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Compound 7 (38.2 mg) was obtained as colorless crystals. ^ H-NMR (CDCI3) 
d 0.90 (1 H, t, J= 4.50 Hz, H-26), 0.94 (1 H, t, J= 4.50 Hz, H-22), 1.25 (1 H, m, H-9), 
1.41-1.59 (4 H, overlapped, H-6, 21, 10, 25), 2.16-2.28 (2 H, m, H-5, 24), 2.30 (1 H, 
m, H-20), 2.55 (1 H, m, H-7), 2.97-2.99 (1 H, m, H-8), 3.25 (d, J = 9.00 Hz, H-15), 
5.00 (1 H, t, J= 7.50 Hz, H-23), 5.07 (1 H, t, J= 7.50 Hz, H-19), 7.35 (1 H, d, J= 6.00 
Hz, H-17). 
Suitable single crystal was chosen for X-ray crystallography analysis. The 
crystal data were: C24H28O4, M W = 380.46, 0.56 X 0.33 X 0.19 mm, monoclinic, 
space group P2(l) /n, T = 293 K, a - 9.2996 (8) A, b = 8.3664 (7) A, c = 26.410 (2) A, 
13= 93.558 ⑵。，V 二 2050.8 A), D = 1.232 m g W , Z = 4, F(OOO) = 816, //(Cuk.) 
=0.083 mm'',入二 0.71073 人.Intensities of 10716 reflections within 1.55 < 6< 
25.03 were collected, of these, 3606 were unique with limiting indices -11 < h < 9, -9 
<k<9, -31 <1<26. 
2.4.4 Column chromatographic separation of fraction F2010 
F2010 was chromatographed on silica gel (255 g, 230-400 mesh), eluting 
with hexane: acetone (10:1) to afford ten fractions (F2059-F2068). Concentration of 
fraction F2064 and F2067 and recrystallization from acetone afforded compound 8 
(39.3 mg) and compound 9 (34.0 mg), respectively. 
2.4.4.1 Spectral data for the characterization of compound 8 (pregnenolone) 
Compound 8 (39.3 mg) was obtained as white crystals. The spectral 
properties were as follows: ^ H-NMR (CD3OD) (5 0.62 (3 H, s, H-18)，1.02 (3 H, s, 
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H-19), 2.12 (3 H, s, H-21), 2.63 (1 H, t, J= 9.00 Hz, H-17), 3.41 (1 H, m, H-3), 5.34 
(1 H, m, H-6); 13C-NMR ( CD3OD) 13.58 (C-18), 19.84 (C-19), 22.19 (C-11), 23.76 
(C-16), 25.47 (C-15), 31.70 (C-21), 32.21 (C-7), 32.86 (C-2), 33.20 (C-8), 37.67 
(C-10), 38.50 (C-1), 39.84 (C-12), 42.92 (C-4), 45.13 (C-13), 51.51 (C-9), 58.06 
(C-14), 64.67 (C-17), 72.39 (C-3), 122.23 (C-6), 142.24 (C-5), 212.80 (C-20). 
Suitable single crystal was chosen for X-ray crystallography analysis. The 
crystal data were as follow: C21H32O2, M W = 316.47, 0.60 X 0.28 X 0.20 mm, 
monoclinic, space group P2(l), T = 293 K, a = 6.1931(10) A, b = 11.8836 (19) A, c = 
12.057(2) A, 91.917(3) % V = 886.92 D = 1.185 mg/m\ Z = 2, F(OOO)= 
348, fiiCuka) = 0.074 mm"', ；I = 0.71073 A. Intensities of 4807 reflections within 
1.69<0 < 25.03 were collected. Of these, 3052 were unique with limiting indices -7< 
h< 7,-14< k<13,-14< 1<12. 
2.4.4.2 Spectral data for the characterization of compound 9 
[5,5'-oxydimethylenebis(2-furaldehyde)] 
Compound 9 (34.0 mg) was obtained as pale yellow crystalline solid, with 
'H-NMR (CD3OD) d 4.63 (4 H, s, CH2O), 6.65 (2 H, d, J= 3.30 Hz, H-4), 7.36 (2 H, 
d, J二 3.60 Hz, H-3), 9.54 (2 H, s, CHO). 
Suitable single crystal was chosen for X-ray crystallography analysis. The 
crystal data were: C24H20O10, M W = 468.40, 0.60 X 0.32 X 0.21 m m , triclinic, space 
group P-1, T - 293 K, a = 7.9810 (8) A, b = 11.1480 (11) A, c =13.7526 (11) A, /5 = 
96.795 (2) % V = 1098.31(19) A3, D =1.416 mg/m3,Z = 2，F(000) = 488, //(CuKa) 
=0.112 mm'', ；I =0.71073人.Intensities of 5136 reflections within 1.55< 
23 
were collected, of these, 3137 were unique and limiting indices were -8< h< 8, -11< 
k< 12and-15< 1< 13. 
2.5 Results and Discussion 
2.5.1 Identification of compound 1 
[5-(hydroxymethyl)-2-furancarboxaldehyde] 
The EIMS exhibited a molecular ion peak at m/z 126, corresponding to a 
molecular formula C6H6O3. The IR spectrum revealed the presence of a hydroxy 1 
group at 3418 c m \ carbonyl group at 1669 cm"', C-O-C group at 1191 cm"' and an 
aromatic ring at 1582 and 1520 cm"'. The '^C-NMR spectrum of compound 1 
displayed four aromatic ring carbons at (5 109.94 (C-4), 123.25 (C-3), 152.14 (C-2) 
and 160.92 (C-5), indicating a 5-membered heterocycle. The 'H-NMR spectrum 
revealed two furan protons at 5 6.48 (H-4, d, J= 3.60 Hz) and 7.28 (H-3, d, J二 3.60 
Hz), which implied that the furan ring is 2, 5- disubstitued. 
By using the IR search software quipped with the Euclidean search method, 
the identity of 5-(hydroxymethyl)-2-furancarboxaldehyde was established. Careful 
comparsion of the spectral data with literature values further confirmed the identity of 





2.5.9 Identification of compound 9 [5, 5'-oxydimethylenebis(2-furaldehyde)] 
The IR spectrum of compound 2 showed an absorption band at 3009 c m \ 
indicating the 0-H group ofcarboxylic acids. IR absorption at 2953, 2918, 2850, 1464, 1377 
and 1295 cm'' were due to stretching and bending vibrations of methyl and methylene groups. 
At 722 cm"', it revealed the presence of straight chain alkanes of seven or more carbon atoms. 
An alkene group appeared as overlapped signals in the ^ H-NMR spectrum at 6 5.33-5.40 
(H-9 and H-10). In the ^ ^C-NMR spectrum, the doublets at d 130.24 and 132.39 (C-9 and 
C-10) suggested that the alkene was disubstituted. The '^C-NMR spectrum displayed 18 
carbon signals, indicating the compound contained 18 carbons. From the above information, 
the compound should contain a long straight chain hydrocarbon with a disubstituted alkene 
and 0-H group. 
The compound was further confirmed by the IR Euclidean search method as oleic acid 
[20, 46-47]. 





2.5.9 Identification of compound 9 [5, 5'-oxydimethylenebis(2-furaldehyde)] 
The structure of compound 3 was confirmed to be ferulic acid by X-ray 





Fig. 2.1 Crystal structure of ferulic acid 
HO 
Ferulic acid 
2.5.4 Identification of compound 4 (daucosterol) 
The EIMS displayed a molecular ion peak at m/z 576, corresponding to a molecular 
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formula of C35H60O6. The presence of a signal at m/z 396 suggested that the compound 
contained a glycoside. The identity of compound 4 was established by comparsion with 
reported spectral data of daucosterol [45, 50-52]. 
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2.5.5 Identification of compound 5 (butylidenephthalide) 
The EIMS of compound 5 exhibited a molecular ion peak at m/z 188, corresponding 
to a molecular formula C12H12O2. The '^C-NMR spectrum of this compound was similar with 
that of butylphthalide, except that C-13 and C-3 were now shifted to d 110.07 and 140.16 
respectively (Table 2.1) . The shift to the deshielded region suggested that there was an 
alkene in that position. Compound 5 was then identified as butylidenephthalide by co-TLC 
comparsion with authentic reference compound and careful comparsion of its spectroscopic 








2.5.6 Identification of compound 6 (butylphthalide) 
In the ^ H-NMR spectrum of compound 6, four groups of multiplets at 6 0.89-0.94, 
1.35-1.45, 1.76 and 2.03-2.06 indicated the presence of four groups of methyl and methylene 
protons. Two doublet peaks at 6 7.44 (H-5) and 7.90 (H-8) and two triplet peaks at 7.53 
(H-7) and 7.67 (H-6) revealed the presence of 1,2-disubstituted aromatic ring. The highly 
deshielding carbon signal at 5 170.65 in the '^C-NMR spectrum suggested an unsaturated 
ester group in the compound (Table 2.1). 
A search in the literature indicated that the above spectral data were consistent with 
those of butylphthalide. The identity of compound 6 was then established by co-TLC 
comparsion with authentic reference compound [9，53-56]. 
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Table 2.1 ^^C-NMR data of butylphthalide and butylidenephthalide 
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10 10/ 12 
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Butylphthalide Butylidenephthalide 
^ ^ C " C - N M R ( 5 , C D C l 3 ) 
Position butylphthalide butylidenephthalide Position butylphthalide butylidenephthalide 
i 170.65 10 34.40 110.07 
3 81.40 140.16 11 26.84 28.37 
4 150.08 146.33 12 22.39 23.11 
5 121.68 120.21 13 13.82 14.39 
6 133.89 134.79 
7 128.97 129.91 
8 125.65 125.82 
9 126.12 125.03 
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2.5.9 Identification of compound 9 [5, 5'-oxydimethylenebis(2-furaldehyde)] 
Through co-TLC comparison of compound 7 with an authentic reference compound, 
careful comparsion with literature values [57-60] and analysis of X-ray crystallography (Fig. 
2.2) [61], compound 7 was identified to be Z, Z，-6. 6’，7. 3'a-diligustilide. 
c A o 2 3 ( 2 4 
2 1 ^ 2。 
2 5、 
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Z,Z'-6. 6',7. 3'a-Diligustilide 
Lm 
Fig. 2.2 Crystal strycture of Z, Z'-6. 6，，7. 3'a-diligustilide 
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2.5.9 Identification of compound 9 [5, 5'-oxydimethylenebis(2-furaldehyde)] 
The '^C-NMR spectrum of compound 8 displayed 21 carbon signals, indicating that 
the compound contained 21 carbons. Moreover, a signal at d 212.80 implied that the 
compound had a carbonyl group. Signals at d 122.17 and 141.16 further indicated that an 
alkene group was present in the compound. By comparing the spectral data with literature 
values [50, 62-65] and structure determination by X-ray crystallography analysis (Fig. 2.3)， 
compound 8 was identified to be pregnenolone. 
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Fig. 2.3 Crystal structure of pregnenolone 
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2.5.9 Identification of compound 9 [5, 5'-oxydimethylenebis(2-furaldehyde)] 
The ^H-NMR spectrum of compound 9 showed signals very similar with those of 
5-(hydroxymethyl)-2-furancarboxaldehyde (Table 2.2). A search in the literature [41’ 43-44, 
51] and the results from X-ray crystallographic analysis (X-ray structure shown in Fig. 2.4) 
confirmed that compound 9 was 5, 5'-oxydimethylenebis(2-furaldehyde). 
O 1 o 
3 4 4 3 
5, 5‘-Oxydimethylenebis(2-furaldehyde) 
go⑶ 0131 
Fig. 2.4 Crystal Structure of 5, 5'-oxydiinethylenebis(2-furaldehyde) 
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Table 2.2 ^H-NMR data of 5-(hydroxymethyl)-2-furancarboxaldehyde 
and 5，5'-oxydimethylenebis(2-furaldehyde) 
1 O O 
H O H ^ C ^ O C H O I A A I 
4 2 3 4 4 3 
5-(Hydroxymethyl)-2-furancarboxldehyde 5’ 5'-Oxydimethylenebis(2-furaldehycle) 
H 1H-NMR( (5, in CD3OD) 
Position 5-(hydroxymethyl)-2-furancarboxldehyde 5,5'-oxydimethylenebis(2-furaldehyde) 
CH2OH 4.51(2H, s) Z Z 
CH2O 4.63 (4H, s) 
4 6.48(1H, d, J=3.60 Hz) 6.65 (2H, d, J=3.30 Hz) 
3 7.28 (IH，d, J=3.60 Hz) 7.36 (2H, d, J二3.60 Hz) 
2 
5 
C H O 9.43 (IH, s) 9.54 (2H, s) 
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2.6 Conclusions 
The present investigation led to the isolation and identification of nine organic 
constituents from the hexane and chloroform extracts of Rhizoma Chuanxiong, the dried 
rhizome of Ligusticum Chuanxiong Hort. The constituents obtained from the chloroform 
extract were identified as 5-(hydroxymethyl)-2-furancarboxaldehyde, oleic acid, ferulic acid, 
daucosterol and those from the hexane extract were butylidenephthalide, butylphthalide, Z, 
Z’-6. 6’，7. 3'a-diligustilide, pregnenolone and 5,5'-oxydimethylenebis(2-furaldehyde). This 
is the first report of 5-(hydroxyniethyl)-2-furancarboxaldehyde being found in Rhizoma 
Chuanxiong. 
The isolated compounds were characterized by spectroscopic and physical data. The 
results of IR, 'H-NMR, '^C-NMR, M S and X-ray crystallography were carefully analysed 
and compared with literature data. 
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Chapter 3 
Analysis of Rhizoma Chuanxiong by Capillary Electrophoresis 
3.1 Introduction of Capillary electrophoresis 
Electrophoresis is a process of separating charged molecules based on their 
movement through a fluid under the influence of an electric field. If two solutes have 
different electrophoretic mobilities, separation will occur. A carrier electrolyte is required 
for electrophoresis. The background electrolyte (BGE) or the run buffer maintains the 
required pH and provides sufficient conductivity to allow the passage of ions. Capillary 
electrophoresis is a process in which electrophoresis is performed inside a narrow bore 
capillary (internal diameter 20-200 // m) in order to achieve high efficiency separation [66]. 
3.1.1 Capillary electrophoresis system 
A typical capillary electrophoresis system is shown in Fig. 3.1. The main 
components include a sample vial, two buffer reservoirs (source and destination vials), a 
capillary, a detector, a high-voltage power supply, and a data-output device. 
Electrophoresis is performed by filling the source vial (usually the anode), capillary 
and destination vial with an electrolyte, the aqueous buffer solution. The capillary inlet is 
placed into a sample vial, the sample is introduced, then the capillary inlet is placed back 
into the source vial and an electric field is applied between the two buffer reservoirs. As the 
charged or neutral molecules possess different electrophoretic mobilities, they migrate 
through the capillary at different rates. They are then detected by the detector at different 
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times and the output is sent to an integrator or computer. The output is displayed as an 
electropherogram, which shows the separated compounds appear as peaks with a plot of 
detector response versus migration time [67-68]. 
data acquisition 
capillary h m h m ^ ^ ^ H uSOHIlHliniEll 
, ^ ^ ^ l i i i i i i H i i i i i i i i i i i i i i 
广 ^ detector , 
buffer i sample buffer 
reservoir j vial reservoir 
i 1 I 
high voltage 
power supply ( P B ^ H H ^ B ^ B 
Fig. 3.1 Schematic representation of a capillary electrophoresis system. 
3.1.2 Principles of separation 
The electrophoretic separation is based on differences in solute velocity in an 
electric field. The velocity of an electrically charged solute can be given by 
v= iieE ⑴ 
where v 二 ion velocity 
\XQ= electrophoretic mobility 
E = applied electric field 
3 6 
The electric field is simply a function of the applied voltage and the capillary length. 
For a given solute in a given medium, the electrophoretic mobility is a constant and is 
determined by the electric force (FE) that the ion experiences, balanced by its frictional 
drag (FF) through the medium. The electric force and the frictional force are given by 
equation (2) and (3) respectively. 
F e = qE ⑵ 
FF 二-6 7r T/rv ⑶ 
where q = charge of the ionized solute 
7] 二 buffer viscosity 
r = solute radius 
During electrophoresis, these two forces become equal but opposite and so 
qE = 6 TT 7? r V (4) 
By solving equation (1) and (4)，the electrophoretic mobility of solute can be expressed in 
//e=q/6 7r 7/r (5) 
From equation (5), it is evident that small, highly charged species have high mobilities 
whereas large, minimally charged species have low mobilities. 
Another fundamental feature of CE operation is the electroosmotic flow (EOF). 
EOF is the bulk flow of liquid in the capillary. When buffer is placed inside a capillary, 
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capillary surfaces possess an excessive of negative charges. This may be due to ionization 
of the capillary surface or adsorption of ionic species from buffer onto the capillary. In the 
case of fused silica, the surface silanol (Si-OH) groups are ionized to negatively charged 
silanoate (Si-0') groups at pH above about three. The negatively charged silanoate groups 
then attract positively charged cations from the buffer, which form an inner layer of cations 
at the capillary wall. These cations are not of sufficient density to neutralize all the negative 
charges, so another outer layer of cations forms. The inner layer is tightly held by the Si-O" 
groups and is referred as a fixed layer. The outer layer of cations is not tightly held and is 
referred as a mobile layer. These two layers make up the diffuse double layer of cations. 
When an electric field is applied, the mobile layer of cations is pulled toward the negatively 
charged cathode (the destination vial). Since these cations are solvated, they drag the bulk 
buffer solution with them and causing electroosomotic flow, which is represented in Fig. 
3.2. 
— — — — " ^ z r y — 
Si Si Si Si , 
I I ^  I ^  I A 
q 6 q © q G Capillary wall 
Fixed layer-) 0 0 0 
+ Plane of shear—> _ 
Anode 一 Cathode Mobile layer—> © @ 0 © 
Electroosmotic flow � 
Fig. 3.2 Representation of electroosmotic flow in a capillary. 
An electrical balance is created at the plane of shear which is the potential 
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difference across the layers and it is termed as zeta potential, f. The zeta potential is 
given by 
r = 4;r 6de (6) 
Electroosmotic flow is proportional to the zeta potential, which is proportional to 
the thickness of the double layer. The magnitude of EOF can be expressed in terms of 
velocity, v eof or mobility, ji eof by 
V E O F = £ r E/4 TT 77 (7) 
/ / E O F = £ f M T T 7] ( 8 ) 
where d = thickness of the diffuse double layer 
7} = viscosity of the buffer 
£ = dielectric constant of the buffer 
E = applied electric field 
e = charge per unit surface area 
Under the influence of EOF, all species，regardless of charge, migrate in the same 
direction. Under normal conditions (negatively charged capillary surface), the flow is from 
anode to cathode. Cations migrate the fastest since the electrophoretic attraction towards 
the cathode and the EOF are in the same direction. Neutrals are all carried at the velocity of 
the EOF but are not separated from each other, and anions migrate the slowest since they 
are attracted to the anode but are still carried by the EOF toward the cathode. The process 
is depicted below (Fig. 3.3). 
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Figure 3.3 Differential solute migration superimposed on electroosmotic flow. 
In addition, charged solutes with different electrophoretic mobilities migrate at 
different times. Cation with small size and highly charged will be the first one to elute out, 
while small size and highly charged anion will be the last one to elute out from the capillary. 
Neutral solutes are separated from the charged ones but not from each other. A 
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Fig. 3.4 Drawing of an electropherogram showing the order of migration due to 
electroosmotic flow and electrophoretic mobility. 
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3.1.3 Considerations on development of analysis method 
On developing a method in an analysis, gathering information and performing 
preliminary experiments are the two main steps. Thereafter, optimization of the 
experimental parameters is required in order to obtain better resolution of peaks and shorter 
analysis time. Optimization involves changing the operating conditions and only one of the 
parameters should be changed at a time. Otherwise, the cause of differences will be 
obscured. Selecting and optimizing experimental parameters require the control of EOF in 
CE. It determines the analysis time, separation efficiency and resolution of the analysis. 
EOF can be monitored by several ways and the following five factors are commonly 
considered: 
i) pH of buffer 
Buffer pH has a significant effect on electrosmotic flow because it changes the zeta 
potential, as seen from equation (8). At high pH, where the silanol groups are 
predominantly deprotonated, the EOF is significantly greater than at low pH where they 
become protonated. The pH of the buffer will also influence the degree of ionization of 
solutes and hence their electrophoretic mobilities. Usually, the buffer is chosen to provide 
the best separation and not necessarily the optimum electroosmotic velocity. 
ii) Buffer concentration or ionic strength 
EOF can also be affected by adjusting the concentration or ionic strength of the 
buffer. When the capillary temperature is controlled, increasing the buffer concentration or 
ionic strength will lower the electroosomotic flow because it lowers the zeta potential. 
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Excessively low buffer concentration should be avoided because this may cause broaden 
and asymmetric peaks. 
iii) Applied voltage 
The rate of EOF can most easily be increased by raising the voltage, as described by 
equation (8). This reduces the migration times and leads to higher efficiencies. However, 
too high a voltage may lead to higher currents and increased Joule heating which will cause 
broader peaks and non-reproducible results. 
iv) Temperature 
A rise in temperature causes an increase in electroosmotic flow because it decreases 
the viscosity of the buffer. As elevated temperature may cause zone spreading, it is 
important to control the temperature. 
iv) Organic solvents 
Addition of organic solvents (e.g. methanol, ethanol, acetonitrile) to the buffers can 




3.2.1 Reagents and materials 
Sodium dodecyl sulphate (SDS) was purchased from Riedel-deHaen (AG, Seelze, 
Germany). Sodium borate (Na2B407) was obtained from F A R C O chemical supplies 
(Beijing, China) and sodium dihydrogenphosphate (NaH2P04) from B D H Laboratory 
Supplies (Poole, BH1511D, England). Sodium hydroxide was purchased from Merck (E. 
Merck, Darmstadt). Deionized water was provided by Quantum IX Ultapure Lonex 
Cartidge, Millipore system (USA) and it was used to prepare all buffers. Acetonitrile and 
methanol were of HPLC grade. Standard buffers of pH 4 and pH 7 were obtained from 
Beckman (Fullerton, USA) for pH calibration. Rhizoma Chuanxiong was purchased from 
Hong Kong and different regions of China. 
3.2.2 Reference compounds 
Among the nine chemical constituents isolated from Rhizoam Chuanxiong, six of 
them were chosen as reference compounds for analysis. They include 
5-(hydroxymethyl)-2-furancarboxaldehyde (H), 5,5'-oxydimethylenebis(2-furaldehyde) 
(0)，ferulic acid (FA), butylidenephthalide (BD), butylphthalide (BT), Z，Z'-6.6', 
7.3'a-diligustilide (D). Moreover, ligustrazin hydrochloride (LH) purchased from National 
Institute for the Control of Pharmaceutical and Biological Products (Beijing, China) was 
also used as a reference compound in the analysis. They were chosen as reference 
compounds because they possess biological activities, which had been published in 
Journals [15-17, 43, 71] and are briefly shown below: 
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i) 5-(hydroxymethyl)-2-furancarboxaldehyde (H): anti-oxidative effect 
ii) 5,5'-oxydimethylenebis(2-furaldehyde) (O): active against tuberculous bacillus 
iii) ligustrazin (LH), ferulic acid (FA), butylidenephthalide (BD), butylphthalide (BT), 
Z, Z'-6.6', 7.3'a-diligustilide (D): dilation of coronary artery; improving blood 
circulation; sedative effect. 
3.2.3 Instrumentation and apparatus 
All analyses were carried out on a Hewlett-Packard HP ^^ Capillary Electrophoresis 
system (Figure 3.5). It consists of a variable voltage (0 to 30 kV) power supply, an 
on-capillary photodiode array (190 to 600 nm) detector, a capillary cassette and an air 
thermostatting system. For the capillaries, 64.5 cm X 50|im i.d. uncoated capillaries 
(Polymicro Technologies Inc, Phoenix, Arizona, USA) were used. The detection window 
of the uncoated fused silica capillary was generated by burning out the polyimide coating at 
8.0 cm from the outlet end. The black carbon residue was then removed by wiping the 
surface with water soaked tissue paper. The instrument polarity was from positive to 
negative i.e. the detector at the cathodic end of the capillary. Electrokinetic injection was 
performed. All data were acquired and subsequently processed by the HP ^^CE 
Chemstation software. 
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Fig. 3.5 Schematic Diagram of the Hewlett-Packard HP ^^CE System. 
Apparatus include autopipette purchased from Eppendorf (Germany) and pH meter 
from Beckman Instruments (Fullerton, USA), 0.22 iJin pore size G S W P membrane filter 
(Millipore) for filtering buffer solutions, 0.45 |j,m pore size Polypure II syringe filter (Alltech, 
Deerfield) for filtering sample and standard solutions. 
3.2.4 Experimental procedures 
3.2.4.1 Preparation of running buffer solution 
Stock solutions of NasBdO? and NaH2P04 (50 m M ) were prepared by dissolving 
suitable amounts of chemicals in deionized water, respectively. 
Different concentrations of run buffers and acetonitrile were prepared by mixing 
appropriate amounts of the stock solutions with the acetonitrile. Thereafter, an accurate 
amount of SDS of required concentration was weighed and dissolved in the prepared buffer 
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solutions. A pH meter was used for pH measurement calibrated with three-point calibration, 
using standard pH 4.00, pH 7.00 and pH 10.00 buffer solutions. The running buffers were 
then filtered through 0.22 \im pore size G S W P membrane filter. 
3.2.4.2 Preparation of standard solutions 
Stock standard solutions were prepared by dissolving a weighed amount of the 
reference compounds into a 5 m L volumetric flask. Standard solutions with different 
concentrations were then prepared by diluting suitable amount of stock solutions with 
deionized water or methanol. The weight of reference compounds used and the 
concentration ranges are shown in Table 3.1. To prevent the blocking of the capillary due 
to particulate impurities, each solution was filtered by 0.45 [xm Polypure II syringe filter 
prior to injection into the capillary. 
Table 3.1 Weight of reference compounds and concentration ranges 
of the standard solutions. (* Acetic acid was added to ferulic acid to 
prevent it from decomposition in solution.) 
Reference compounds Mass weighed (mg)/solvent for Concentration 
dissolution ranges mg/mL 
5-(hydroxymethyl)-2- 2.5/ deionized water 0.025-0.500 
furancarboxaldehyde (H) 
ligustrazin hydrochloride (LH) 2.5/ deionized water 0.050-0.400 
5,5'-oxydimethylenebis- 4.0/ methanol 0.080-0.360 
(2-furaldehyde) (O) 
ferulic acid (FA) 5.0/ methanol (5% acetic acid*) 0.050-0.400 
butylphthalide (BT) 2.5/ methanol 0.080-0.400 
butylidenephthalide (BD) 10.0/ methanol 0.055-1.000 
Z, Z’-6.6’，7.3'a-diligustilide (D) 10.0/ methanol 0.075-1.200 
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3.2.4.3 Preparation of Rhizoma Chuanxiong extracts 
An alkaline methanol solution containing 90% methanol (pH 13.11) was prepared by 
dissolving suitable amount of sodium hydroxide pellet into 90% methanol. An acidic methanol 
solution containing 90 % methanol (pH 3.06) was prepared by mixing a small amount of acetic 
acid with 90% methanol. The pH values of the acidic and alkaline methanol solutions were 
monitored by a pH meter. 
About 2 g of samples from five different sources were weighed. Each sample was 
extracted in alkaline methanol solution (15 mL) in an ultransonic bath for 10 minutes, then 
centrifuged at 3000 rpm for 15 minutes. The upper clear solution was collected. The extraction 
was repeated for two times. The acidic methanol solution (15 mL) was then used to extract the 
remaining residue and the extraction procedure was repeated for two times. The upper clear 
solutions obtained from the above procedures were collected and combined. The clear 
solutions were concentrated and adjusted to lOmL in a volumetric flask with methanol. It was 
then degassed by an ultrasonic both and filtered through a 0.45 [im Polypure II syringe filter 
[36]. 
3.2.4.4 Flushing of capillaries 
Prior to using a new capillary, the capillary was first washed with 1 M sodium 
hydroxide solution for 30 minutes, followed by washing with deionized water for 20 
minutes. Before the start of the first experiment of the day, the capillary was washed with 1 
M sodium hydroxide solution, followed by deionized water, and finally with the electrolyte 
medium solution for 15 minutes each. Between each analysis, the capillary was flushed 
with deionized water and the electrolyte for 2 minutes each. After few times of injections, 
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the electrolyte should be replaced by a fresh solution so that the pH value of the electrolyte 
system could be maintained. When changing the content of the electrolyte, the capillary 
was pre-washed with 1 M sodium hydroxide solution, followed by water, to insure that the 
surface of the capillary wall was impurity-free. At the end of analysis for each day, the 
capillary was washed with 1 M sodium hydroxide solution and then by deionized water for 
10 minutes, respectively, in order to prevent the precipitation of electrolyte, which could 
cause a blockage inside the capillary. 
3.2.4.5 Conditions of separation 
The conditions of CE separation were summarized as follows: 
Buffer: 10 m M Na2B407 and 1 m M NaH2P04 with 5% acetonitrile and 25 m M SDS 
Capillary: 64.5 cm X 50 |im i.d. uncoated fused silica capillary, with effective length of 56.5 
cm 
Applied voltage: 15 kV 
Temperature: 20 °C 
Injection mode: electrokinetic injection 5 kV for 2 seconds 
Detection wavelength: on column U V detection at 200 nm and 284 nm. Two wavelengths were 
chosen for detection because butylphthalide could only be detected at 200 nm but not at 284 
nm, while 5-(hydroxymethyl)-2-furancarboxyaldehyde could only be detected at 284 nm but 
not at 200nm. Other reference compounds could be detected at both wavelengths. 
3.3 Results and Discussion 
(Refer to Table 3.1 for abbreviations of the reference compounds) 
3.3.1 Preliminary experiments 
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From literature findings [36], the separation of LH and FA by CE was performed 
by using 30 m M borate at pH 9.43 as the electrolyte system. This buffer system was 
considered in our preliminary experiments because of the alkaline characteristic of borate. 
Among the reference compounds that were used, 0，LH, BT, B D and D are neutral 
molecules in acidic or alkaline conditions. On the other hand, FA and H will ionize and 
become anionic species in alkaline medium owing to their carboxyl and hydroxyl group 
respectively. The first trial on the separation of the seven reference compounds were 
performed under the following conditions: 
Buffer: 30 m M NazBdO? at pH 9.43 
Capillary: 64.5 cm X 50 [im i.d. uncoated fused silica capillary, with effective length of 
56.5 cm 
Applied voltage: 15 kV 
Temperature: 20 °C 
Injection mode: electrokinetic injection 5 kV for 2 seconds 
Detection wavelength: on column U Y detection at 200 nm and 284 nm. 
Under the above conditions, only four reference compounds, H, LH, O and FA could be 
observed while BT, B D and D were not detected within 60 minutes in any detection 
wavelength. In addition, H, LH and O could not separate well and had similar migration times. 
FA migrated at about 10.7 minutes and was the slowest among the four compounds. FA is 
easily ionized to anionic species under alkaline conditions but it is dragged by the flow of EOF. 
The migration times of each compound are shown in Table 3.2. Borate buffers with different 
pH values were tried in order to separate the reference compounds H, LH, O, BT, B D and D, 
but in vain. It was concluded that another buffer systems should be considered. 
4 9 
Table 3.2 Migration times of four reference compounds. 
Buffer: 30 mM NazBdO? (pH 9.43). 
Reference compounds Migration times / minutes 
5-(hydroxymethyl)-2-furancarboxaldehyde (H) 6.387 
ligustrazin hydrochloride (LH) 6.683 
5,5'-oxydimethylenebis(2-furaldehyde) (O) 6.355 
ferulic acid (FA) 10.677 
Another buffer system was prepared by adding 10 m M NaH2P04 to the 30mM 
Na2B407 (pH 9.19)，and separation was carried out under the same CE conditions as in the 
previous experiment. The result showed that the four reference compounds H, LH, 0 and 
FA could now be separated within 21 minutes. Their migration times are shown in Table 
3.3. LH has the shortest migration time because of its small size. On the other hand, H and 
FA migrate slower because they ionize to form anionic species which are attracted by the 
anode. The other three reference compounds, BT, B D and D, could not be detected within 
60 minutes. It might be because B, B D and BT are non-polar compounds and they do not 
dissolve in the buffer systems. Consequently, another approach should be considered for 
the separation. 
Table 3.3 Migration times of four reference compounds. 
Buffer: Mixtures of 30 mM NazBdO? and 10 mM NaH2P04(pH 9.13). 
Reference compounds Migration times / minutes 
5-(hydroxymethyl)-2-furancarboxaldehyde (H) 9.270 
ligustrazin hydrochloride (LH) 7.899 
5,5'-oxydimethylenebis(2-furaldehyde) (O) 8.697 
ferulic acid (FA) 20.993 
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3.3.1.1 Addition of surfactants 
The reference compounds used in the present study include both charged and neutral 
species. Considering the fact that general capillary electrophoresis method can provide 
satisfactory separation for the neutral species under the influence of EOF, surfactant may be 
needed to obtain better separation results. 
Surfactants are molecules containing a long hydrophobic tails and polar head group. 
One of the most important characteristics of surfactants in aqueous solution is the 
formation of micelles. At low concentration, surfactants usually exist as long chains. 
However, when the concentration reaches a certain level, the hydrophobic tails which are 
not solvated in aqueous solution will gather together with increasing probability, and 
eventually form a spherical shape in which the inner part is hydrophobic whereas the outer 
part is covered with hydrophilic polar heads, toward the aqueous buffer. This aggregate is 
known as a micelle and the minimum concentration for its formation is referred to the 
critical micelle concentration (CMC). There are several kinds of surfactants including 
anioic, cationic, zwitterionic and nonionic species. 
Sodium dodecyl sulfate (SDS) is the most widely used anionic surfactant in CE 
because it is water soluble and has a high degree of lipid-solubilizing power which would 
be suitable for the separation of the three neutral reference compounds. As the outlet 
electrode being cathodic in our CE system, an anionic surfactant should be chosen in order 
to slow down the EOF of the analytes. Thus SDS was tried. SDS micelles are made up of 
62 molecules (the aggregation number) of SDS in a spherical shape with the hydrophobic 
groups C H 3 - ( C H 2 ) i i pointing inward while the hydrophilic O-SO3" groups pointing outward 
into the aqueous buffer. A schematic drawing of SDS micelle is shown in Fig. 3.6. 
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Fig. 3.6 A Sodium dodecyl sulfate (SDS), [CH3-(CH2)ii-0-S03l micelle. 
The mode of capillary electrophoresis involving the use of micelle-forming surfactant 
solution is called micellar electokinetic capillary chromatography (MEKC). M E K C combines 
the separation mechanism of chromatography with the electrophoretic and electroosmotic 
movement of solutes and solutions. It is based on the partitioning of solutes between micelles 
and the run buffer. The separation mechanism of the compounds after adding SDS is shown in 
Fig. 3.7. Negativly charged micelles are attracted by the anode, but the EOF carries them to the 
cathode. Solutes are represented by "S". The Squares indicate hydrophilic compounds that do 
not partition into the micelles. They migrate at the same velolcity as the EOF and elute at to. 
Circles represent hydrophobic compounds that are completely partitioned into the micelles. 
They migrate at the same rate as the micelles and elute at tmc- Triangles represent solutes that 
partition between the micelles and the aqueous solutions. They elute at Ir, which are between to 
and tmc- Thus, neutral molecules can be separated according to their differences in 
hydrophobicity. 
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Fig.3.7 Schematic representation of separation of neutral compounds using SDS. 
The SDS solution (20 m M ) was added to the buffer mixtures containing 30 m M 
Na2B407 and 10 m M NaH2P04 in order to achieve better separation. The separations of 
seven reference compounds were achieved and the migration times are shown in Table 3.4. 
The electropherogram showed that all compounds H, 0，FA, LH, BD，BT and D could be 
separated within 44 minutes. SDS had helped the solubilization of the neutral and 
hydrophobic compounds. However, B D and BT could achieve baseline separation from 
each others. It is because they have similar molecular structures and hydrophobicities, 
which result in nearly the same migration times. Therefore, the concentrations of the 
buffers and the SDS should be adjusted to obtain better separation as well as to shorten the 
migration times. 
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Table 3.4 Migration times of seven reference compounds. Buffer: Mixtures of 30 
mM Na2B407 and 10 mM NaHzPO* containing 20 mM SDS (pH 9.13). 
Reference compounds Migration times / minutes 
5-(hydroxymethyl)-2-furancarboxaldehyde (H) 9.591 
ligustrazin hydrochloride (LH) 11.848 
5,5'-oxydimethylenebis(2-furaldehyde) (O) 12.880 
ferulic acid (FA) 20.638 
butylphthalide (BT) 34.677 
butylidenephthalide (BD) 34.375 
Z, Z，-6. 6', 7. 3'a-diligustilide (D) 43.029 
3.3.2 Effect of buffer concentration 
In order to study the effect of different NazBqO? and NaHsPCU concentrations on the 
separation, several electrolyte systems containing 20 m M SDS were tried. Different 
Na2B407 concentrations ranging from 5-30 m M with 0, 1 and 10 m M of NaHsPCU were 
used. 
Experiments using NaaBqO? concentrations ranging from 5-30 m M and 20 m M SDS 
without NaH2P04 were performed and the separation results are shown in Fig. 3.8. 
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Fig. 3.8 Effect of NazBgOv concentration on migration time. 
Buffer: mixtures ofNa2B407 and 20 mM SDS without NaHzPO*. 
From Fig. 3.8，it was observed that B D and BT could be separated by using the above 
electrolyte systems. Moreover, the migration times of all compounds became longer as the 
Na2B407 concentration increased. At Na2B407 concentration higher than 10 m M , the 
separation order was as follows: H, LH, 0，FA, BT, B D and D. The order could be explained 
by the separation mechanism of M E K C . Compound H and L H are soluble in aqueous solution 
and eluted nearly at the same rate as the EOF. For the hydrophobic compounds, BT, B D and D, 
they are not highly soluble in aqueous solution. They will partition with the SDS micelles and 
take longer times to be eluted. Although better separation could be achieved at higher Na2B407 
concentration, it took much longer time to finish (27.86 minutes and 38.44 minutes for 20 m M 
and 30 m M Na2B407, respectively). Therefore, the concentration of Na2B407 for separation 
was chosen at 15mM. In this buffer system, the seven reference compounds could generally be 
separated and the analysis could be finished within 25 minutes. Nevertheless, other buffer 
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systems were tried in an attempt to further improve the separation and analysis time. 
Now, the compositions of the buffers were changed by adding NaHzPO* into the buffer 
systems. Different Na2B407 concentrations (5-30 m M ) with 1 m M and 10 m M NaHzPCU 
containing 20 m M SDS were used for separation of the reference compounds. Their effects on 
migration times are shown in Fig. 3.9 and Fig.3.10, respectively. 
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Fig. 3.9 Effect of Na2B407 concentration on migration time. 
Buffer: mixtures of Na2B407，ImM NaH2P04 and 20mM SDS. 
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Fig. 3.10 Effect of IVazBdO? concentration on migration time. 
Buffer: mixtures of NazBjO?, lOmM NaHzPO* and 20mM SDS. 
From Fig. 3.9 and Fig. 3.10 shown above, it was evident that shorter analysis time 
could be obtained in experiments using 1 m M of NaHzPCV The analysis time was 19-39 
minutes and 27-43 minutes for 1 m M and 10 m M of NaHzPCU, respectively. Such results can 
be explained by the effect on pH. At higher pH, the EOF will be increased and the migration 
times of the compounds become shorter. As a result, the buffer mixture containing 1 m M of 
NaH2P04 would lead to shorter analysis than that of 10 m M NaHaPOi Moreover, Fig. 3.10 
shows that B D (25.21 minutes) and BT (26.10 minutes) could not be separated at 5 and 30 m M 
Na2B407, while LH and O could not be well separated at 10-30 m M NazBdO?. However, as 
shown in Fig.3.9，separation of the seven reference standards could be achieved with shorter 
analysis time at buffer systems containing 10 m M and 15 m M NazBiO?. 
The separability, resolution of peaks and baseline stability were compared using three 
electrolyte systems, namely 15mM Na2B407 without NaH2P04, lOmM Na2B407 with I m M 
NaH2P04 and 15 m M NazBdO? with 1 m M NaH2P04, each containing 20 m M SDS. From the 
57 
electropherograms, it was observed that the separability and baseline stability were similar in 
all three electrolyte systems. However, the buffer of lOmM NaaB-O? and 1 m M NaHsPCU 
containing 20 m M SDS gave the shortest migration time (within 21.59 minutes). Therefore, 
this system was chosen for further analysis and a typical electropherogram is shown in Fig. 
3.11. 
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Fig. 3.11 Electropherogram showing the separation of seven reference compounds. 
Buffer: l O m M NazBjOy and 1 m M NaHzPO* containing 20 m M SDS. 
Detection wavelength at (a) 200 nm (b) 284 nm 
[Note: In (a), compound H was not detected, and in (b) compound BT was not detected] 
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3.3.3 Effect of SDS concentration 
The buffer solution of 10 m M NasBdO? and 1 m M NaHsPCU was chosen but the 
concentration of SDS was varied in order to study the effect of SDS concentration on the 
separation. Five electrolyte systems containing different SDS concentrations ranging from 10 
to 30 m M at pH 9.29 were used for the separation of the standard mixtures. The results 
obtained can be interpreted by the graph shown in Fig. 3.12. There was an increase in the 
migrations times of the reference compounds when the SDS concentration in the 
electrophoretic solution increased. This result can be explained by the fact that at higher SDS 
concentration, the phase ratio of the micelle to the aqueous phase becomes larger. Hence the 
probability of solubilization of the compounds in the micelles would be higher, resulting in an 
increase in the migration times, especially for compounds BT, B D and D. These compounds 
are more hydrophobic than the others and therefore affected to a greater extent by SDS. 
Separation could be achieved at SDS concentrations ranging from 15 - 30 m M . However, the 
baseline stability was the best for 25 m M SDS and thus it would be the most suitable 
concentration of SDS added to the buffer solution of 10 m M Na2B407 and 1 m NaHzPCU. The 
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Fig. 3.12 Effect of SDS on migration time. 
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Fig. 3.13 Electropherograms showing the separation of seven reference compounds. 
Buffer: lOmM NazBdO? and 1 m M NaHzPOi containing 25 mM of SDS. 
Detection wavelength at (a) 200 nm (b) 284 nm. 
[Note: In (a), compound H was not detected, and in (b) compound BT was not detected] 
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The result of separating plant sample of Rhizoma Chuanxiong using the electrolyte 
system containing lOmM Na2B407, 1 m NaH2P04 and 25 m M SDS was carried out. The result 
is shown in Fig. 3.14. From the electropherogram, it was obvious that the resolutions of 
compounds were not satisfactory. Although compounds FA and BT were separated from other 
compounds, B D was interfered. Moreover, the compounds eluted at migration time 21-22 
minutes could not be separated. Therefore, the separation needed to be improved in order to 
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Fig. 3.14 Electropherogram of samples of Rhizoma Chuanxiong. 
Buffer: lOitiM NazBdO? and 1 m NaHzPO* containing 25 mM SDS. 
Detection wavelength at (a) 200 nm (b) 284 nm 
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3.3.4 Addition of Organic modifier 
It has been reported that the separation of compounds can be greatly improved by 
adding organic modifier into the buffer solution. The most commonly used organic modifiers 
include methanol, ethanol, and acetonitrile. They cause changes in electroosmotic flow by 
changing the zeta potential and the buffer viscosity. Moreover, most importantly, they help to 
change the separation because they change the distribution of solutes between the buffer and 
the micelles. Therefore, the resolution of compounds could be modified by adding organic 
modifier. W e first tried by adding 10 % methanol to the buffer solutions in an attempt to 
improve separation. The results are shown in Fig. 3.15. 
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Fig.3.15 Electropherogram of sample of Rhizoma Chuanxiong. 
Buffer: lOmM NazBdO? and 1 mM NaHzPOj containing 25 mM SDS and 10 % methanol. 
Detection wavelength at (a) 200 nm (b) 284 nm 
The electropherograms showed that it took much longer time for the separation after 
adding the organic modifier. On the other hand, the organic modifier helped to achieve better 
resolution. From Fig.3.15, the resolution was better after adding organic modifier but 
compound D was interfered ( at about 37 minutes). Moreover, the analysis time was quite long 
as it took 39 minutes to finish. Another organic modifier should then be considered for the 
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separation. 
Acetonitrile was added to the buffer in an attempt to obtain better resolution of peaks. 
Concentrations ranging from 5-20 % acetonitrile were added to the electrolyte systems and 
analysis was carried out. The resulting electropherograms are displayed in Fig. 3.16 — Fig. 3.19. 
(Only detection wavelength at 200 nm was shown.) 
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Fig. 3.16 Electropherogram of sample of Rhizoma Chuanxiong. 
Buffer: lOmM Na2B407 and 1 mM NaHzPOq containing 25 mM SDS and 5% acetonitrile. 
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Fig. 3.17 Electropherogram of sample of Rhizoma Chuanxiong. 
Buffer: lOmM NazBdO，and 1 mM NaHiPCXj containing 25 mM SDS and 7% acetonitrile. 
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Fig. 3.18 Electropherogram of sample of Rhizoma Chuanxiong. 
Buffer: lOmM NazBdO? and 1 m NaHzPO* containing 25 mM SDS and 10 % acetonitrile. 
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Fig. 3.19 Electropherogram of sample of Rhizoma Chuanxiong. 
Buffer: lOmM Na2B407 and 1 m NaH2P04 containing 25 mM SDS and 20 % acetonitrile. 
From the electropherograms shown above, it was obvious that the migration times of all 
compounds became longer when higher concentration of acetonitrile was used. This is because 
the EOF is decreased as the acetronitrile concentration is increased. However, all the 
concentration of acetonitrile could not separate compound D from other interfering compounds. 
On the other hand, for 5 % acetonitrile, the analysis time was the shortest (30 minutes) 
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comparing with methanol and other acetonitrile concentrations. Therefore, 5 % of acetonitrile 
was chosen for the separation of samples. 
The above results indicate that the best separation time and resolution could be obtained 
in an electrolyte system containing 10 m M borate, 1 m M phosphate, 25 m M SDS and 5 % 
acetonitrile. As the separation of compound D with the interfering compounds was failed, the 
present study would now focus on the separation and determination of the six compounds H, O, 
LH, FA, BT and BD. 
Finally, the optimum conditions for the determination of the seven reference 
compounds were established. The electrolyte buffer contains 10 m M NaaBqO? and 1 m M 
NaH2P04 (pH 9.29) with 25 m M SDS and 5 % aceionitrile. Separation was performed at an 
applied voltage of 15kV, temperature 20� C and electrostatic injection of 5 kV for 2.0 
seconds, in a bare fused capillary of 50 |im i.d.. The total length of the capillary was 64.5 
cm, with an effective length of 56.5 cm. The detection wavelengths were set at 200 nm and 
284 nm. Fig. 3.20 presents a typical electropherogram showing the separation of the seven 
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Fig. 3.20 Electropherogram showing the separation of seven reference compounds. 
Buffer: 10 mM NazBdO? and 1 m NaHzPO* (pH 9.29) containing 25 mM SDS and 
5 % acetonitrile. Detection wavelength at (a) 200 nm (b) 284 nm. 
3.3.5 Reproducibility of the proposed method 
The usefulness of the proposed method for quantitatively analysis of the seven 
reference compounds was evaluated. To determine the reproducibility of migration time and 
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integrated peak area of each compound under the selected conditions, the reference compounds 
were injected repeatedly three times. The results are shown in Table. 3.5. 
Table 3.5 Relative standard deviation in the integrated peak area and migration time 
of the seven reference compounds. 
Reference compounds Concentrations~Relative standard 
being tested deviation (%) 
(mg/mL) Integrated Migration 
Peak Area time 
5-(hydroxymethyl)-2-furancarboxaldehyde (H) 0.200 ^ 012 
ligustrazin hydrochloride (LH) 0.200 0.59 0.30 
5,5'-oxydimethylenebis(2-furaldehyde) (0) 0.280 2.63 1.10 
ferulic acid (FA) 0.100 1.06 1.27 
butylphthalide (BT) 0.300 0.78 0.82 
butylidenephthalide (BD) 0.250 7.73 2.64 
Z, Z，-6.6，，7.3'a-diligustilide (D) 0.300 2.88 0.47 
From the data shown above, the relative standard deviation of migration time of the 
seven reference compounds was satisfactory, suggesting that the proposed method is suitable 
for qualitative analysis of the seven reference compounds of Chuanxiong. Moreover, the 
relative standard deviation of integrated peak area was also satisfactory, except for BD. From 
the intra-day analysis, the peak area of B D was found to decrease after the second injection of 
the standard solution. It is attributed to the instability of BD. The compound may decompose in 
solution gradually, and so the peak area was decreased after several times of injection, leading 
to the poor reproducibility of the results. 
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3.3.6 Quantitative analysis of seven reference compounds 
Calibration graphs for the seven constituents were obtained over the range of 
0.025-1.200 mg/mL under the selected conditions and the graphs are shown in Fig. 
3.21-3.27. 
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Fig. 3.21 Calibration graph of 5-(hydroxymethyI)-2-furancarboxaldehyde (H). 
Detection wavelength at 284 nm. 
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Fig. 3.22 Calibration graph of ligustrazin hydrochloride (LH). 
Detection wavelength at 200 nm. 
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Fig. 3.23 Calibration graph of 5,5'-oxy(limethylenebis(2-fural(iehyde) (O). 
Detection wavelength at 284 nm. 
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Fig. 3.24 Calibration graph of ferulic acid (FA). 
Detection wavelength at 200 nm. 
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Fig. 3.25 Calibration graph of butylphthalide (BT). Detection wavelength at 200 nm. 
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Fig. 3.26 Calibration graph of butylidenephthalide (BD). Detection wavelength at 200 nm. 
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Fig. 3.27 Calibration graph of Z，Z，-6. 6，，7. 3'a-diligustilide (D). 
Detection wavelength at 200 nm 
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The linear range, regression equation, and correlation coefficient of each calibration graph are 
summarized in Table. 3.6 
Table 3.6 Linear ranges, regression equations and 
correlation coefficients of the calibration graphs. 
Reference compounds Linear range Regression Correlation 
(mg/mL) equation coefficient (r) 
5-(hydroxymethyl)-2-furancarboxaldehyde 0.025-0.500y=251.64x+0.41 0.9996 
(H) 
ligustrazin hydrochloride (LH) 0.050- 0.400 尸164.16x-l.0909 0.9995 
5,5'-oxydimethylenebis(2-furaldehyde) (O) 0.080-0.360 尸543.3x-15.846 0.9998 
ferulic acid (FA) 0.050-0.400 y=214.55x+6.0591 0.9986 
butylphthalide (BT) 0.080-0.400 y=1539.5x-1.246 0.9999 
butylidenephthalide (BD) 0.055-1.000 y- 548.72x-6.1311 0.9997 
Z，Z,-6. 6', 7. 3'a-diligustilide (D) 0.075-1.200 y=326.48x+3.2378 0.9993 
The above calibration data suggest good linearity over the tested range, and that 
rather stable results could be obtained for the separation of reference compounds using 
capillary electrophoresis. 
Apart from the calibration curves, the detection limits of the seven reference 
compounds were also determined. The detection limits of the reference compounds were 
calculated and the results are shown in Table 3.7 
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Table 3.7 Detection limits of the seven reference compounds 
Reference compounds Detection limits 
(mg/mL) 
5-(hydroxymethyl)-2-furancarboxaldehyde (H) 0.008 
ligustrazin hydrochloride (LH) 0.021 
5,5'-oxydimethylenebis(2-furaldehyde) (O) 0.034 
ferulic acid (FA) 0.012 
butylphthalide (BT) 0.002 
butylidenephthalide (BD) 0.016 
Z, Z，-6. 6’，7. 3'a-diligustilide (D) 0.050 
3.3.7 Application of the developed methodology 
After investigation of the intra-day reproducibility and construction of the 
calibration graphs, experiments were conducted to show how the method could be applied 
to Chuanxiong samples. 
Five different samples of Chuanxiong were brought from Hong Kong and different 
regions of China, Sichuan and Fujian. Sichuan is the place where Chuanxiong are mainly 
cultivated and therefore the contents of samples obtained there could be compared with 
samples from other sources. 
When the five test solution were analysed by CE under the selected conditions and each 
anlaysis was repeated thee times, the electropherograms are shown in Fig. 3.28 — Fig. 3.32. The 
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Fig.3.28 Electropherogram of sample from Hong Kong (HKl). 
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Fig. 3.29 Electropherogram of sample from Hong Kong (HK2). 
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Fig. 3.30 Electropherogram of sample from Sichuan (SCI). 
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Fig. 3.31 Electropherogram of sample from Sichuan (SC2). 
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Detection wavelength at (a) 200 nm (b) 284 nm. 
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Our analysis showed that four compounds, 5-(hydroxymethyl)-2-furancarboxaldehyde 
(H), ferulic acid (FA), butylphthalide (BT) and buthlidenephthalide (BD), were separated under 
the selected conditions by CE analysis. The contents of each component could be estimated 
from the electropherograms. The contents of Z, Z，-6. 6', 7. 3'a-Diligustilide (D), however, 
could not be determined due to the presence of a contaminating signal. On the other hand, 
ligustrazin hydrochloride (LH) and 5,5'- oxydimethylenebis(2-furaldehyde) (O) were not 
detected in the Chuanxiong samples. It may be due to inadequacy of the extraction method. 
Other extraction methods were then tried with methanol and ethanol, yet these two compounds 
still could not be detected. The amounts of these compounds might be so low in the tested 
samples that they fell below the detection limits. 
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The contents of the compounds in five different samples are calculated and shown in the 
following tables: 
Table. 3.8 Quantitative determination of 
5-(hydroxyinethyl)-2-furancarboxaldehyde (H) in Chuanxiong samples. 
Weight of samples (g) Amount of H found (mg) Contents'' (%) 
Sample sources 
H K l 1.9556 3.8246 0.1956±0.0068 




a: mean 士 standard deviation (n=3) 
:amounts below the detection limit 
Table 3.9 Quantitative determination of ferulic acid (FA) in Chuanxiong samples 
Weight of samples (g)~Amount of FA found (mg)^Contents'* (%) 
Sample sources 
HKl 1.9556 0.9631 0.0492±0.0014 
H K 2 1.9520 2.4148 0.1237± 0.0012 
SC 1 2.0662 5.1548 0.2500±0.0018 
SC2 1.9662 4.4041 0.2240±0.0052 
FJ 2.0367 2.3380 0.1148±0.0056 
a: mean 土 standard deviation (n=3) 
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Table 3.10 Quantitative determination of butylphthalide (BT) in Chuanxiong samples. 
Weight of samples (g) Amount of BT found (mg) Contents" (%) 
Sample sources 
H K 1 1.9556 0.9227 0.0472±0.0004 
HK2 1.9520 0.6893 0.0353±0.0006 
SCI 2.0662 1.5384 0.0745±0.0011 
SC2 1.9662 0.9440 0.0480±0.0005 
FJ 2.0367 1.2850 0.0631±0.0018 
a: mean 士 standard deviation (n=3) 
Table 3.11 Quantitative determination of 
butylidenephthalide (BD) in Chuanxiong samples. 
Weight of samples (g) Amount of BD found (mg) Contents^ (%) 
Sample sources 
HKl 1.9556 0.4828 0.0247±0.0006 
H K 2 1.9520 0.4439 0.0227±0.0008 
SC 1 2.0662 0.8985 0.0435±0.0013 
SC2 1.9662 0.7680 0.0391±0.0002 
FJ 2.0367 0.6275 0.0308±0.0028 
a: mean 土 standard deviation (n=3) 
All five samples of Chuanxiong examined in the present study contained ferulic acid 
(FA), butylphthalide (BT) and butylidenephthalide (BD). The ferulic acid concentration 
constituted 0.05 — 0.25 % dry weight of the medicine. On the other hand, the amounts of 
butylphthalide and butylidenephthalide were lower. Butylphthalide constituted about 0.04-0.07 
% and butylidenphthalide constituted about 0.02 - 0.04 % dry weight. From these results, it is 
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confirmed that ferulic acid, butylphthalide and butylidenephthalide are the major bioactive 
components of Chuanxiong. 
The contents of the detected bioactive compounds vary significantly in samples 
obtained from different sources. Thus, the samples obtained from Mainland China contain 
greater amount of compounds compared to those obtained from Hong Kong. One of the 
samples from Sichuan, SCI, constituted the greatest amount of ferulic acid (FA), 
butylphthalide (BT) and butylidenephthalide (BD) with about 0.25，0.07 and 0.04 % 
respectively. On the other hand, samples of Hong Kong showed relatively lower concentrations 
except for 5-(hydroxymethyl)-2-furancarboxaldehyde (H). Interestingly, only samples H K l 
and HK2 contained 5-(hydroxymethyl)-2-furancarboxaldehyde (H). Indeed, this compound 
had not been reported in Chuanxiong before. The compound might have formed from 
dehydration of hexoses during the processing of the herbs. 
The above results show that different sources of Rhizoma Chuanxiong may vary a lot in 
their contents qualitatively and quantitatively. The proposed method can provide the 
determination of chemical constituents in Chuanxiong. 
3.3.8 Conclusions 
A simple method for the identification and determination of chemical constituents in 
Rhizoma Chuanxiong has been developed by CE analysis. Seven reference compounds were 
separated under the optimum conditions. The electrolyte system is the major parameter in 
controlling the EOF and hence the resolution of peaks. In preliminary trials, only buffers 
containing Na2B407 and NaH2P04 were used but the results were not satisfactory and some 
compounds could not be detected. By the addition of surfactants, better separation was 
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achieved. Moreover, by optimizing several conditions, such as the SDS concentration and the 
organic modifier concentration，the separation could further be improved. Besides, the 
reproducibility in terms of relative standard deviation in migration time and integrated peak 
area were determined. The results are satisfactory and the method could be applied for the 
quantitative and qualitative analysis. 
The method was applied to assess the composition of different samples of Rhizoma 
Chuanxiong. Four compounds, ferulic acid (FA), butylphthalide (BT), butylidenephthalide (BD) 
and 5-(hydroxymethy)-2-furancarboxaldehyde (H), were identified and determined 
qualitatively and quantitatively in these samples. From the results, great variations in the 
contents of samples from different sources were observed. Among them, samples from Sichuan 
composed the highest amount of ferulic acid (FA), butylphthalide (BT) and 
butylidenephthalide (BD) comparing with samples from other sources. Besides, only samples 
from Hong Kong contained 5-(hydroxymethy)-2-furancarboxaldehyde (H), but not those from 
China. The differences might be due to variations of the cultivated conditions, collecting 
seasons or processing methods. Therefore, quality control measures are necessary. On the other 
hand, some compounds could not be detected and separated, further work on this aspect is 
warranted. 
It is concluded that the proposed method for the separation of chemical constituents 
in Rhizoma Chuanxiong using capillary electrophoresis is useful and feasible. Advantages 
of this approach include simple preparation of the buffer, small volume of sample 
consumption, easy cleaning of capillary and short analysis time compared with HPLC (52 
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Appendix 1.1.1 
'H-NMR spectrum of 5-(hydroxymethyl)-2-furancarboxaldehycIe 
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Appendix 1.1.2 
^^C-NMR spectrum of 5-(hydroxymethyl)-2-furancarboxaldehyde 
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Appendix 1.6 




0(2) ^ ( 4 ) 
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Appendix 1.2 
C r y s t a l d a t a 
E m p i r i c a l f o r m u l a CIO HIO 04 
F o r m u l a w e i g h t 194 .18 
T e m p e r a t u r e 2 9 3 ( 2 ) K 
W a v e l e n g t h 0 . 7 1 0 7 3 A 
C r y s t a l s y s t e m , s p a c e g r o u p M o n o c l i n i c , P 2 ( l ) / n 
U n i t c e l l d i m e n s i o n s a = 4 . 6 4 4 0 (5) A a l p h a = 90 d e g . 
b = 1 6 . 8 3 7 5 (18) A b e t a = 9 0 . 2 3 1 ( 3 ) 
d e g . 
c = 1 2 . 0 1 5 0 ( 1 3 ) A g a m m a = 90 d e g . 
V o l u m e 9 3 9 . 4 9 (18) 
Z, C a l c u l a t e d d e n s i t y 4, 1.373 M g / m ^ 3 
A b s o r p t i o n c o e f f i c i e n t 0.107 m m ^ - 1 
F (000) 408 
C r y s t a l s i z e 0.56 x 0.15 x 11 m m 
T h e t a r a n g e f o r d a t a c o l l e c t i o n 2.08 t o 2 3 . 2 7 d e g . 
L i m i t i n g i n d i c e s - 5 < = h < = 5 , - 1 8 < = k < = 1 8 , - 1 2 < = 1 < = 1 3 
R e f l e c t i o n s c o l l e c t e d / u n i q u e 4 4 4 7 / 1352 [R(int) = 0 . 0 4 5 4 ] 
C o m p l e t e n e s s t o t h e t a = 2 3 . 2 7 99.9 % 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s o n 
D a t a / r e s t r a i n t s / p a r a m e t e r s 1352 / 0 / 130 
G o o d n e s s - o f - f i t o n 1 . 0 2 5 
F i n a l R i n d i c e s [ I > 2 s i g m a ( I ) ] R1 = 0 . 0 3 5 3 , w R 2 = 0 . 0 8 1 1 
R i n d i c e s (all d a t a ) R 1 = 0 . 0 5 8 2 , w R 2 = 0 . 0 9 0 7 
E x t i n c t i o n c o e f f i c i e n t 0 . 0 0 7 ( 2 ) 
L a r g e s t d i f f . p e a k a n d h o l e 0.154 a n d - 0 . 1 2 9 e . A ^ - 3 
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T a b l e 2 . A t o m i c c o o r d i n a t e s ( x 10^4) a n d e q u i v a l e n t i s o t r o p i c 
d i s p l a c e m e n t p a r a m e t e r s 、A、2 x 10^3) for s a m p 4 2 . 
U ( e q ) is d e f i n e d as o n e t h i r d of t h e t r a c e of t h e o r t h o g o n a l i z e d 
Uij t e n s o r . 
X y z U (eq) 
0(1) 1 2 5 8 8 ( 3 ) 8174 (1) -3110 (1) 52(1) 
0(2) 14542 (3) 7 3 8 9 ( 1 ) -4866 (1) 50(1) 
0(3) 2 3 7 1 ( 3 ) 4 9 6 5 (1) - 1 0 2 2 ( 1 ) 51(1) 
0(4) 1504 (3) 5979 (1) 124 (1) 4 8 ( 1 ) 
C(l) 9 4 3 5 ( 4 ) 7 0 7 2 ( 1 ) - 2 6 0 2 (2) 38(1) 
C(2) 1 1 4 4 5 ( 4 ) 7 4 3 2 ( 1 ) - 3 2 6 9 (2) 36(1) 
C(3) 1 2 5 5 5 ( 4 ) 7 0 4 0 ( 1 ) - 4 1 9 5 ( 2 ) 3 9 ( 1 ) 
C(4) 1 1 6 4 1 (5) 6 2 8 1 (1) - 4 4 3 3 ( 2 ) 4 8 ( 1 ) 
C(5) 9618 (5) 5 9 1 7 ( 1 ) - 3 7 6 2 (2) 48 (1) 
C(6) 8484 (4) 6 3 0 1 (1) - 2 8 4 4 ( 2 ) 38 (1) 
C(7) 6 3 6 9 (4) 5894 (1) - 2 1 6 0 (2) 4 0 ( 1 ) 
C(8) 4 9 7 2 ( 4 ) 6 1 5 4 ( 1 ) - 1 2 6 6 ( 2 ) 3 9 ( 1 ) 
C(9) 2 8 5 0 ( 4 ) 5 6 6 5 ( 1 ) - 7 0 4 ( 2 ) 36(1) 
C ( 1 0 ) 1 1 6 3 9 ( 6 ) 8612 (1) - 2 1 8 0 (2) 7 3 ( 1 ) 
T a b l e 3 . B o n d l e n g t h s [A] a n d a n g l e s [deg] f o r s a m p 4 2 . 
0 ( 1 ) - C ( 2 ) 1 . 3 7 1 ( 2 ) 
0 ( 1 ) - C ( 1 0 ) 1 . 4 1 1 ( 2 ) 
0 ( 2 ) - C ( 3 ) 1.362 (2) 
0 ( 3 ) - C ( 9 ) 1 . 2 5 9 ( 2 ) 
0 ( 4 ) - C { 9 ) 1 . 2 8 9 ( 2 ) 
C ( l ) - C ( 2 ) 1 . 3 7 4 ( 3 ) 
C ( l ) - C { 6 ) 1 . 4 0 1 (3) 
C ( 2 ) - C ( 3 ) 1 . 3 9 4 ( 3 ) 
C ( 3 ) - C ( 4 ) 1 . 3 7 7 ( 3 ) 
C ( 4 ) - C ( 5 ) 1 . 3 8 3 ( 3 ) 
C ( 5 ) - C ( 6 ) 1 . 3 8 5 (3) 
C ( 6 ) - C ( 7 ) 1 . 4 5 4 ( 3 ) 
C ( 7 ) - C ( 8 ) 1 . 3 3 1 ( 3 ) 
C ( 8 ) - C ( 9 ) 1 . 4 5 3 ( 3 ) 
C ( 2 ) - 0 ( 1 ) - C ( I O ) 1 1 7 . 7 0 (15) 
C { 2 ) - C ( l ) - C ( 6 ) 1 2 0 . 1 7 ( 1 8 ) 
0 ( 1 ) - C ( 2 ) -C(l) 1 2 5 . 7 9 (18) 
0 ( 1 ) - C ( 2 ) - C ( 3 ) 1 1 3 . 4 7 (16) 
C ( l ) - C { 2 ) - C ( 3 ) 1 2 0 . 7 3 ( 1 9 ) 
0 ( 2 ) - C { 3 ) - C ( 4 ) 119 .10 (18) 
0 ( 2 ) - C ( 3 ) - C ( 2 ) 1 2 1 . 5 2 ( 1 9 ) 
C ( 4 ) - C ( 3 ) - C ( 2 ) 1 1 9 . 3 8 (18) 
C ( 3 ) - C ( 4 ) - C ( 5 ) 1 1 9 . 9 8 ( 1 9 ) 
C ( 4 ) - C ( 5 ) - C { 6 ) 121.3 (2) 
C { 5 ) - C ( 6 ) - C ( l ) 1 1 8 . 4 8 (18) 
C ( 5 ) - C { 6 ) - C ( 7 ) 1 1 9 . 4 ( 2 ) 
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C ( l ) - C ( 6 ) - C ( 7 ) 122.14(18) 
C ( 8 ) - C ( 7 ) - C ( 6 ) 129.4(2) 
C ( 7 ) - C ( 8 ) - C ( 9 ) 121.55(19) 
0(3) - C ( 9 ) - 0 ( 4 ) 122.15(17) 
0 ( 3 ) - C ( 9 ) - C ( 8 ) 120.57(17) 
0 ( 4 ) - C ( 9 ) - C ( 8 ) 117.28(19) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t atoms： 
T a b l e 4. A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s (A^2 x 10^3) for s a m p 4 2 . 
The a n i s o t r o p i c d i s p l a c e m e n t factor e x p o n e n t takes the form： 
-2 pi^2 [ U l l + ... + 2 h k a* b* U12 ] 
U l l U22 U33 U2 3 U13 U12 
0(1) 68(1) 40(1) 48(1) -3(1) 24(1) -12(1) 
0(2) 60(1) 49(1) 42(1) 3(1) 22(1) -6(1) 
0(3) 56(1) 36(1) 59(1) -3(1) 18(1) -7(1) 
0(4) 48(1) 42(1) 54(1) 1(1) 19(1) -2(1) 
C(l) 38(1) 41(1) 34(1) 2(1) 9(1) 4(1) 
C(2) 38(1) 34(1) 36(1) 3(1) 6(1) 0(1) 
C(3) 40(1) 45(1) 32(1) 6(1) 8(1) -2(1) 
C(4) 56(2) 51(1) 38(1) -7(1) 14(1) -3(1) 
C(5) 50(2) 42(1) 50(1) -6(1) 10(1) -10(1) 
C(6) 35(1) 42(1) 37(1) 2(1) 5(1) -1(1) 
C(7) 37(1) 38(1) 46(1) 5(1) 4(1) -2(1) 
C(8) 36(1) 35(1) 47(1) 3(1) 5(1) -3(1) 
C(9) 32(1) 37(1) 39(1) 5(1) 7(1) 4(1) 
C(10) 116 (2) 47(2) 57(2) -11(1) 32(2) -20(2) 
T a b l e 5. H y d r o g e n c o o r d i n a t e s ( x 10^4) a n d i s o t r o p i c 
d i s p l a c e m e n t p a r a m e t e r s (A^2 x 10八3) for s a m p 4 2 . 
X y z U ( e q ) 
H(2A) 14883 7839 - 4 6 4 1 93(11) 
H(4B) 383 5653 386 149(15) 
H(1A) 8703 7340 - 1 9 8 9 45 
H(4A) 12383 6013 -5045 58 
H(5A) 9009 5405 -3932 57 
H(7A) 5928 5379 - 2 3 7 9 48 
H(8A) 5363 6660 -995 47 
H ( I O A ) 12606 9116 -2160 110 
H ( I O B ) 12068 8323 - 1 5 1 1 110 
H ( I O C ) 9599 8696 - 2 2 3 5 110 
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T a b l e 6 . T o r s i o n a n g l e s [deg] f o r s a m p 4 2 . 
C ( 1 0 ) - 0 ( 1 ) - C ( 2 ) - C ( l ) 0 . 3 ( 3 ) 
C ( 1 0 ) - 0 ( 1 ) - C ( 2 ) - C ( 3 ) - 1 7 8 . 8 ( 2 ) 
C ( 6 ) - C ( l ) - C ( 2 ) - 0 ( 1 ) - 1 7 8 . 6 2 (19) 
C ( 6 ) - C ( l ) - C ( 2 ) - C ( 3 ) 0 . 4 ( 3 ) 
0 ( 1 ) - C ( 2 ) - C ( 3 ) - 0 ( 2 ) - 1 . 1 ( 3 ) 
C ( l ) - C ( 2 ) - C ( 3 ) - 0 ( 2 ) 1 7 9 . 7 8 (18) 
0 ( 1 ) - C ( 2 ) - C ( 3 ) - C ( 4 ) 1 7 8 . 4 1 ( 1 9 ) 
C ( l ) - C ( 2 ) - C ( 3 ) - C ( 4 ) - 0 . 7 ( 3 ) 
0 ( 2 ) - C ( 3 ) - C ( 4 ) - C ( 5 ) - 1 7 9 . 8 4 (19) 
C ( 2 ) - C ( 3 ) - C ( 4 ) - C ( 5 ) 0.6 (3) 
C ( 3 ) - C ( 4 ) - C ( 5 ) - C ( 6 ) - 0 . 2 ( 3 ) 
C ( 4 ) - C ( 5 ) - C ( 6 ) - C ( l ) - 0 . 1 ( 3 ) 
C ( 4 ) - C ( 5 ) - C ( 6 ) - C ( 7 ) - 1 7 9 . 8 ( 2 ) 
C ( 2 ) - C ( l ) - C ( 6 ) - C ( 5 ) 0 . 0 ( 3 ) 
C ( 2 ) - C ( l ) - C ( 6 ) - C ( 7 ) 1 7 9 . 7 6 ( 1 9 ) 
C ( 5 ) - C ( 6 ) - C ( 7 ) - C ( 8 ) - 1 7 8 . 4 ( 2 ) 
C ( l ) - C ( 6 ) - C ( 7 ) - C ( 8 ) 1 . 9 ( 3 ) 
C ( 6 ) - C ( 7 ) - C ( 8 ) - C ( 9 ) 1 7 8 . 2 2 ( 1 9 ) 
C ( 7 ) - C ( 8 ) - C ( 9 ) - 0 ( 3 ) 3 . 2 ( 3 ) 
C ( 7 ) - C ( 8 ) - C ( 9 ) - 0 ( 4 ) - 1 7 6 . 7 8 (19) 
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^H-NMR spectrum of butylphthalide 
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"C-NMR spectrum of butylphthalide 
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Appendix 1.6 
Structure of z, z，，6.6，，7.3' a-diligustilide 
analyzed by X-ray crystallography 





Empirical formula C24 H28 04 
Formula weight 380.46 
Temperature 293(2) K 
Wavelength 0.71073 A 
Crystal system, space group Monoclinic, P2(l)/n 
Unit cell dimensions a = 9.2996(8) A alpha = 90 deg. 
b = 8.3664(7) A beta = 93.558(2) deg. 
c = 26.410(2) A gamma = 90 deg. 
Volume 2050.8(3) A八3 
Z, Calculated density 4’ 1.232 Mg/m八3 
Absorption coefficient 0.083 mmM 
F(OOO) 816 
Crystal size 0.56 x 0.33 x 0.19 mm 
Theta range for data collection 1.55 to 25.03 deg. 
Limiting indices -11 <=h<=9, -9<=k<=9, -31 <=1<=26 
Reflections collected / unique 10716 / 3606 [R(int) = 0.0970] 
Completeness to theta = 25.03 99.8 % 
Refinement method Full-matrix least-squares on F'^ 2 
Data / restraints / parameters 3606 / 0 / 238 
Goodness-of-fit on 0.961 
Final R indices [I>2sigma(I)] R1 = 0.0850，wR2 = 0.2535 
R indices (all data) R1 = 0.1510, wR2 = 0.3016 
Largest diff. peak and hole 0.630 and -0.478 e.A^-3 
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Table 2. Atomic coordinates ( x lOM) and equivalent isotropic 
displacement parameters (A'^ 2 x 10^3) for samp 124. 
U(eq) is defined as one third of the trace of the orthogonalized 
Uij tensor. 
X y z U(eq) 
0(1) 6953(3) 3003(4) 1291(2) 80(1) 
0(2) 6539(4) 4513(5) 594(2) 92(1) 
0(3) 4439(3) 7583(4) 1475(1) 71(1) 
0(4) 3652(4) 7261(4) 2251(2) 93(1) 
C(l) 1892(4) 3087(5) 906(2) 62(1) 
C(2) 2255(5) 1478(6) 1159(2) 76(2) 
C(3) 3294(5) 1601(6) 1620(2) 73(1) 
C(4) 4612(5) 2433(5) 1452(2) 63(1) 
C(5) 6103(6) 2119(6) 1601(2) 72(1) 
C(6) 6659(6) 1131(7) 1948(2) 97(2) 
C(7) 8233(8) 904(9) 2072(3) 128(2) 
C(8) 8659(10) -900(11) 2043(4) 154(3) 
C(9) 10151(10) -1190(12) 2136(4) 176(4) 
C(10) 6064(5) 3806(6) 936(2) 68(1) 
C(ll) 4562(4) 3509(5) 1072(2) 56(1) 
C(12) 3228(4) 4134(5) 801(2) 53(1) 
C(13) 2871(4) 5875(5) 973(2) 54(1) 
C(14) 1485(5) 6409(6) 666(2) 75(1) 
C(15) 213(5) 5396(7) 828(2) 89(2) 
C(16) 790(5) 4064(6) 1188(2) 75(2) 
C(17) 1513(5) 4854(6) 1646(2) 71(1) 
C(18) 2573(5) 5820(5) 1522(2) 60(1) 
C(19) 3552(5) 6907(6) 1807(2) 69(1) 
C(20) 4074(5) 7089(5) 975(2) 57(1) 
C(21) 4733(5) 7723(6) 603(2) 73(1) 
C(22) 5863(6) 9001(7) 647(2) 89(2) 
C(23) 7124(6) 8700(8) 374(2) 106(2) 
C(24) 8281(6) 9970(7) 408(3) 102(2) 
































































































































































































































































































































































































































































































































































































































































































































































































































Symmetry transformations used to generate equivalent atoms: 
Table 4. Anisotropic displacement parameters (A^2 x 10^3) for samp 124. 
The anisotropic displacement factor exponent takes the form: 
-2 pi^2 [ a*A2 U11 + ... + 2 h k a* b* U12 ] 
Ull U22 U33 U23 U13 U12 
0(1) 51(2) 80(2) 110(3) 2(2) 4(2) 8(2) 
0(2) 62(2) 100(3) 117(3) 15(2) 34(2) -4(2) 
0(3) 77(2) 71(2) 63(2) -10(2) 8(2) -14(2) 
0(4) 121(3) 91(3) 68(3) -15(2) 12(2) -3(2) 
C(l) 53(3) 64(3) 67(3) -10(2) 5(2) -10(2) 
C(2) 65(3) 65(3) 98(4) -7(3) 17(3) -13(2) 
C(3) 76(3) 53(3) 92(4) 8(3) 22(3) 5(2) 
C(4) 61(3) 54(3) 74(3) -13(2) 7(2) 11(2) 
C(5) 70(3) 66(3) 79(4) -8(3) -7(3) 16(3) 
C(6) 77(4) 97(4) 116(5) 1(4) -10(3) 26(3) 
C(10) 48(3) 67(3) 91(4) -4(3) 13(3) 5(2) 
C(ll) 57(3) 48(2) 63(3) -5(2) 11(2) 0(2) 
C(12) 49(2) 58(2) 52(3) -5(2) 8(2) -2(2) 
C(13) 49(2) 51(2) 61(3) 1(2) 4(2) 2(2) 
C(14) 62(3) 76(3) 84(4) 4(3) -5(3) 5(2) 
C(15) 51(3) 94(4) 123(5) 8(4) -1(3) 6(3) 
C(16) 47(3) 80(3) 98(4) 2(3) 19(3) -9(2) 
C(17) 65(3) 68(3) 85(4) 1(3) 33(3) 8(2) 
C(18) 61(3) 58(3) 62(3) -1(2) 14(2) 12(2) 
C(19) 80(3) 68(3) 59(3) -10(3) 10(3) 7(3) 
C(20) 55(3) 57(3) 60(3) -3(2) 5(2) -1(2) 
C(21) 72(3) 74(3) 74(3) -6(3) 7(3) -20(3) 
C(22) 86(4) 89(4) 93(4) -11(3) 25(3) -20(3) 
C(23) 82(4) 123(5) 116(5) -29(4) 31(4) -24(4) 
C(24) 78(4) 113(5) 119(5) 3(4) 31(3) -23(3) 
Table 5. Hydrogen coordinates ( x lOM) and isotropic 
displacement parameters (A'^ 2 x 10八3) for samp 124. 
X y z U(eq) 
H(1A) 1423 2836 573 74 
H(2A) 1370 987 1258 91 
H(2B) 2666 780 912 91 
H(3A) 2868 2209 1885 88 
H(3B) 3540 545 1750 88 
H(6A) 6024 528 2128 117 
102 
H(7A) 8479 1303 2411 154 
H(7B) 8774 1514 1836 154 
H(8A) 8137 -1494 2288 185 
H(8B) 8360 -1303 1708 185 
H(9A) 10336 -2314 2108 264 
H(9B) 10450 -834 2472 264 
H(9C) 10678 -619 1893 264 
H(12A) 3358 4136 436 64 
H(14A) 1302 7531 729 90 
H(14B) 1600 6270 306 90 
H(15A) -292 4929 531 107 
H(15B) -459 6065 999 107 
H(16A) 0 3377 1287 90 
H(17A) 1253 4690 1976 86 
H(21A) 4477 7346 279 88 
H(22A) 5435 9998 526 106 
H(22B) 6159 9141 1003 106 
H(23A) 6822 8548 19 127 
H(23B) 7549 7703 497 127 
H(24A) 9064 9651 210 154 
H(24B) 8625 10106 755 154 
H(24C) 7888 10962 279 154 





































C( 11 )-C( 12)-C( 13)-C(20) 49.9(5) 
C(l)-C(12)-C(13)-C(20) 172.2(4) 
C( 11 )-C( 12)-C( 13)-C( 14) 179.4(4) 
C(l)-C(12)-C(13)-C(14) -58.4(4) 
C(18)-C(13)-C(14)-C(15) -49.4(5) 










C( 15)-C( 16)-C( 17)-C( 18) -58.1(5) 
C(16)-C(17)-C(18)-C(19) 176.6(5) 
C(16)-C(17)-C(18)-C(13) -2.5(6) 
C(20)-C( 13)-C( 18)-C( 17) 178.6(4) 
C(14)-C(13)-C(18)-C(17) 58.6(5) 
C(12)-C(13)-C(18)-C(17) -57.8(5) 
C(20)-C( 13)-C( 18)-C( 19) -0.7(4) 
C( 14)-C( 13)-C( 18)-C( 19) -120.7(4) 





C( 17)-C( 18)-C( 19)-0(3) 179.5(5) 
C(13)-C(18)-C(19)-0(3) -1.4(5) 
C( 19)-0(3)-C(20)-C(21) 174.3(4) 
C(19)-0(3)-C(20)-C(13) -3.7(5) 
C( 18)-C( 13)-C(20)-C(21) -175.2(5) 
C( 14)-C( 13 )-C(20)-C(21) -58.9(7) 
C( 12)-C( 13)-C(20)-C(21) 67.7(6) 
C(18)-C(13)-C(20)-0(3) 2.6(4) 
C( 14)-C( 13)-C(20)-0(3) 118.9(4) 
C(12)-C(13)-C(20)-0(3) -114.5(4) 
0(3)-C(20)-C(21)-C(22) -1.5(8) 
C( 13)-C(20)-C(21 )-C(22) 176.1(5) 
C(20)-C(21)-C(22)-C(23) 132.4(6) 
C(21)-C(22)-C(23)-C(24) 179.6(6) 
Symmetry transformations used to generate equivalent atoms: 
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Empirical formula C24 H20 010 
Formula weight 68.40 
Temperature 293(2) K 
Wavelength 0.71073 A 
Crystal system, space group Triclinic, P-1 
Unit cell dimensions a = 7.9810(8) A alpha = 101.703(2) deg. 
b = 11.1480(11) A beta = 96.795(2) deg. 
c = 13.7526(14) A gamma = 110.476(2)deg. 
Volume 1098.31(19) 
Z, Calculated density 2, 1.416 Mg/m八3 
Absorption coefficient 0.112 mm^-1 
F(OOO) 488 
Crystal size 0.60 x 0.32 x 0.21 mm 
Theta range for data collection 1.55 to 23.26 deg. 
Limiting indices -8<=h<=8, -1 l<=k<=12, -15<=1<=13 
Reflections collected/unique 5136/3137 [R(int) = 0.0470] 
Completeness to theta = 23.26 99.5 % 
Refinement method Full-matrix least-squares on 
Data / restraints / parameters 3137/0/ 307 
Goodness-of-fit on 1.005 
Final R indices [I>2sigma(I)] R1 = 0.0381，wR2 = 0.1239 
R indices (all data) R1 = 0.0766, wR2 = 0.1457 
Largest diff. peak and hole 0.149 and -0.188 e.A八-3 
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Table 2. Atomic coordinates ( x lOM) and equivalent isotropic 
displacement parameters (A^2 x 10八3) for samp96. U(eq) is defined as one third of the trace of the orthogonalized 
Uij tensor. 
X y z U(eq) 
0(1) 1847(5) 5109(4) 6560(3) 64(1) 
0(2) 2793(4) 5576(3) 4731(2) 38(1) 
0(3) 2497(5) 4246(3) 2495(2) 45(1) 
0(4) 2201(4) 4316(3) 274(2) 39(1) 
0(5) 3162(5) 3413(3) -1561(3) 64(1) 
C(l) 1749(7) 6059(5) 6286(4) 50(2) 
C(2) 2213(7) 6381(5) 5371(4) 39(2) 
C(3) 2212(7) 7428(5) 4999(4) 45(2) 
C(4) 2825(7) 7276(5) 4089(4) 47(2) 
C(5) 3174(7) 6149(5) 3950(4) 38(1) 
C(6) 3875(6) 5457(4) 3140(4) 46(2) 
C(7) 1124(7) 4446(5) 1850(3) 44(2) 
C(8) 1824(7) 5091(5) 1054(4) 39(1) 
C(9) 2175(7) 6307(5) 912(4) 46(2) 
C(10) 2785(7) 6319(5) 3(4) 46(2) 
C(ll) 2793(7) 5106(5) -372(4) 39(2) 
C(12) 3266(7) 4544(5) -1286(4) 48(2) 
O(l') 1836(5) 10105(4) 6562(3) 65(1) 
0(2') 2796(4) 10576(3) 4726(2) 39(1) 
0(3') 2499(5) 9257(3) 2504(2) 45(1) 
0(4') 2206(4) 9315(3) 272(2) 38(1) 
0(5') 3157(5) 8399(3) -1561(3) 65(1) 
C(l') 1719(7) 11040(5) 6279(4) 50(2) 
C(2') 2194(7) 11379(5) 5365(4) 38(2) 
C(3') 2196(7) 12410(5) 4997(4) 45(2) 
C(4') 2827(7) 12239(5) 4077(4) 46(2) 
C(5') 3176(7) 11135(5) 3934(4) 39(1) 
C(6') 3865(6) 10462(4) 3150(4) 44(2) 
C(7') 1135(7) 9454(5) 1860(4) 44(2) 
C(8') 1829(7) 10079(5) 1056(4) 38(1) 
C(9') 2171(7) 11302(5) 923(4) 46(2) 
C(IO') 2791(7) 11315(5) 2(4) 47(2) 
C(ll') 2803(7) 10091(5) -365(4) 39(2) 
C(12') 3264(7) 9533(5) -1277(4) 49(2) 
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Symmetry transformations used to generate equivalent atoms: 
Table 4. Anisotropic displacement parameters (A'^ 2 x 10^3) for samp96. 
The anisotropic displacement factor exponent takes the form: 
-2 piA2 [ Ul l + ... + 2 hk a* b* U12 ] 
Ull U22 U33 U23 U13 U12 
0(1) 88(4) 68(3) 47(3) 22(2) 28(2) 35(3) 
0(2) 48(2) 37(2) 33(2) 11(2) 14(2) 18(2) 
0(3) 63(3) 40(2) 34(2) 11(2) 11(2) 20(2) 
0(4) 50(2) 37(2) 34(2) 13(2) 14(2) 18(2) 
0(5) 92(4) 67(3) 41(3) 13(2) 24(2) 36(3) 
C(l) 57(4) 51(4) 38(4) 0(3) 13(3) 22(3) 
C(2) 40(4) 40(3) 35(3) 0(3) 10(3) 17(3) 
C(3) 50(4) 40(4) 47(4) 3(3) 8(3) 23(3) 
C(4) 55(4) 34(3) 54(4) 13(3) 8(3) 19(3) 
C(5) 39(4) 40(3) 32(3) 11(3) 6(3) 11(3) 
C(6) 51(4) 51(3) 39(3) 16(3) 15(3) 21(3) 
C(7) 51(4) 48(3) 34(3) 11(3) 15(3) 20(3) 
C(8) 44(4) 41(3) 33(3) 7(3) 7(3) 19(3) 
C(9) 61(4) 35(3) 46(4) 7(3) 10(3) 25(3) 
C(10) 49(4) 40(4) 48(4) 19(3) 6(3) 14(3) 
C(ll) 40(4) 47(3) 34(3) 20(3) 9(3) 16(3) 
C(12) 55(4) 58(4) 36(3) 22(3) 13(3) 21(4) 
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0( r ) 91(4) 70(3) 44(3) 22(2) 23(2) 36(3) 
0(21) 49(2) 37(2) 35(2) 9(2) 12(2) 19(2) 
0(3') 62(3) 43(2) 35(2) 12(2) 13(2) 25(2) 
0(4') 47(2) 36(2) 34(2) 13(2) 12(2) 17(2) 
0(5') 91(4) 62(3) 46(3) 12(2) 24(2) 35(3) 
C(l') 56(4) 52(4) 36(4) 2(3) 13(3) 21(4) 
C(2') 41 � 36(3) 34(3) 3(3) 6(3) 14(3) 
C(3') 46(4) 37(3) 51(4) 3(3) 5(3) 21(3) 
C(4') 57(4) 38(3) 46(4) 20(3) 10(3) 16(3) 
C(5') 46(4) 35(3) 33(3) 12(3) 9(3) 13(3) 
C(6') 47(4) 46(3) 38(3) 12(3) 13(3) 17(3) 
C(7') 50(4) 45(3) 39(3) 11(3) 15(3) 17(3) 
C(8') 43(4) 40(3) 34(3) 8(3) 9(3) 22(3) 
C(9') 55(4) 41(3) 47(4) 9(3) 9(3) 24(3) 
C(IO') 50(4) 37(4) 55(4) 24(3) 6(3) 13(3) 
C(ir) 40(4) 42(3) 35(3) 17(3) 5(3) 12(3) 
C(12’）50(4) 61(4) 38(4) 22(3) 13(3) 18(4) 
Table 5. Hydrogen coordinates ( x lOM) and isotropic 
displacement parameters (A'^ 2 x 10^3) for samp96. 
X y z U(eq) 
H(1A) 1341 6618 6703 60 
H(3A) 1869 8110 5295 54 
H(4A) 2967 7836 3661 57 
H(6A) 4371 6051 2727 55 
H(6B) 4863 5260 3459 55 
H(7A) 620 4992 2264 53 
H(7B) 140 3595 1525 53 
H(9A) 2037 7011 1342 56 
H(IOA) 3121 7028 -290 55 
H(12A) 3689 5098 -1702 58 
H(l'A) 1283 11586 6689 59 
H(3'A) 1854 13095 5287 54 
H(4'A) 2972 12798 3648 55 
H(6'A) 4368 11056 2738 52 
H(6'B) 4850 10264 3472 52 
H(7'A) 642 10010 2272 53 
H(7'B) 145 8603 1543 53 
H(9'A) 2028 12002 1354 56 
H(IOB) 3124 12021 -293 56 
H(12B) 3683 10090 -1691 59 


























































Symmetry transformations used to generate equivalent atoms: 
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Appendix 2.1 Details of quantitative analysis of 
5-(hydroxymethyl)-2-furancarboxaldehyde 
Concentration (mg/mL) Migration time (minutes) Integrated Peak area 
0 ^ 5 5.27833 
0.100 8.721 25.65092 
0.200 8.821 51.95819 
(repeated for three times) 8.804 52.11611 
8.821 51.91082 
0.300 8.834 77.24016 
124.97903 
Appendix 2.2 Details of quantitative analysis of ligustrazin hydrochloride 
Concentration (mg/mL) Migration time (minutes) Integrated Peak area 
0.050 6.90533 
0.100 9.946 15.52691 
0.200 9.986 31.09922 
(repeated for three times) 9.969 31.45392 
10.036 31.19592 
0.300 9.938 49.27552 
0.400 10.199 63.95591 
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Appendix 2.3 Details of quantitative analysis of 
5,5'-oxydimethylenebis(2-fural(lehyde) 
Concentration (mg/mL) Migration time (minutes) Integrated Peak area 
0.080 11.279 28.26983 
0.120 10.878 47.50586 
0.200 11.044 94.19550 
0.280 10.634 134.79933 
(repeated for three times) 10.853 134.58847 
10.935 140.91998 
10.944 179.06384 
Appendix 2.4 Details of quantitative analysis of ferulic acid 
Concentration (mg/mL) Migration time (minutes) Integrated Peak area 
0.050 16.004 14.70779 
0.100 16.003 29.01974 
(repeated for three times) 16.381 29.54612 
16.331 29.57423 
0.200 15.894 49.80752 
15.803 91.25248 
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Appendix 2.5 Details of quantitative analysis of butylphthalide 
Concentration (mg/mL) Migration time (minutes) Integrated Peak area 
21.685 117.85513 
0.100 21.419 155.87821 
0.200 21.478 308.53201 
0.300 21.466 465.82701 
(repeated for three times) 21.625 460.12302 
21.383 464.02711 
0.400 21.159 613.84912 
Appendix 2.6 Details of quantitative analysis of butylidenephthalide 
Concentration (mg/mL) Migration time (minutes) Integrated Peak area 
23.875 17.25364 
0.125 24.025 62.21583 
0.250 25.733 143.53621 
(repeated for three times) 25.363 143.51217 
25.307 125.13911 
0.500 24.055 271.97220 
24.199 539.53011 
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Appendix 2.7 Details of quantitative analysis of z，z'-6.6, 7.3'a-diligustilide 
Concentration (mg/mL) Migration time (minutes) Integrated Peak area 
0.075 26.656 29.28181 
0.150 26.963 58.77210 
0.300 26.957 103.81231 
(repeated for three times) 26.633 106.51253 
26.934 100.15423 
0.600 26.848 197.42741 
1.200 26.841 397.06428 
Appendix 3.1 Quantitative analysis of 
Chuanxiong sample from Hong Kong (HKl) 
Constituents Migration time Integrated Peak area 
(minutes)  
5-(hydroxymethyl)-2-furanaldehyde 8.692 92.97146 
8.646 99.52172 
8.678 97.46127 
ferulic acid 15.933 27.07421 
15.727 26.02737 
15.754 27.06599 
butylphthalide 21.741 139.29302 
21.138 141.84373 
21.331 141.26120 




Appendix 3.2 Quantitative analysis of 
Chuanxiong sample from Hong Kong (HK2) 
Constituents Migration time Integrated Peak area 
(minutes)  
5-(hyciroxymethyl)-2-furanaldehyde 8.872 44.75396 
8.772 47.21054 
8.666 44.51210 
ferulic acid 16.191 57.33590 
15.764 57.90604 
15.371 58.36566 
butylphthalide 21.532 106.48483 
21.447 102.72105 
20.819 105.41279 
butylidenephthalide 23.821 17.53211 
24.126 18.00926 
24.428 19.13422 
Appendix 3.3 Quantitative analysis of 
Chuanxiong sample from Sichuan (SCI) 
Constituents Migration time Integrated Peak area 
(minutes)  
5-(hydroxymethyl)-2-furanaldehyde  
ferulic acid 16.125 ^17.23631 
15.995 116.97797 
15.428 115.75410 
butylphthalide 21.780 233.41191 
21.410 233.80806 
21.356 239.56129 




Appendix 3.4 Quantitative analysis of 
Chuanxiong sample from Sichuan (SC2) 
Constituents Migration time Integrated Peak area 
(minutes)  
5-(hydroxymethyl)-2-furanaldehyde  
ferulic acid 15.828 98.31134 
16.143 102.71732 
16.127 100.61750 
butylphthalide 21.340 142.33462 
21.725 145.19284 
21.617 144.72589 
butylidenephthalide 24.152 36.02789 
23.996 35.82261 
24.484 36.18044 
Appendix 3.5 Quantitative analysis of 
Chuanxiong sample from Fujian (FJ) 
Constituents Migration time Integrated Peak area 
(minutes) 
5-(hydroxymethyl)-2-furanaldehyde  
ferulic acid 16.042 58.95887 
16.097 54.25029 
15.336 55.45221 
butylphthalide 21.426 190.08205 
21.462 198.74168 
21.386 200.91675 
butylidenephthalide 23.892 24.87646 
24.017 30.97382 
23.761 29.05519 
:value below the detection limit. 
117 

C U H K L i b r a r i e s 
‘ 國圓圓！丨丨丨 
DD3TSSfl37 
